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FOREWORD 


Adequate laboratory support is essential to the early recognition, 
proper evaluation, and development of therapy of many medical problems 
whether involving a single patient or an entire community. Research 
and the accurate recording of observations are essential to continued 
medical progress. These facts have long been recognized and apply to 
military medicine as forcefully as to civilian medicine. It therefore 
becomes necessary for the military to provide medical research facil- 
ities, strategically located, to attack those medical problems peculiar 
to military experience because of warfare or geographical limitations 
of certain diseases. It is also mandatory that adequate medical labor- 
atory facilities be available to support the clinical care of military 
personnel, When clinical laboratory support and research facilities can 
be combined an obvious economy of personnel is effected. 


The following report consists of the combined statistical data and 
preliminary conclusions formulated by the regular staff members of the 
06th Medical General Laboratory and the Far East Medical Research Unit 
in their normal duties during 1952. Since many research teams and indi- 
viduals from the Army Medical Service Graduate School, the Office of the 
Surgeon General, and various medical schools in the United States have 
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visits to the Far East Command, their findings and conclusions have been 


summarized and are included. 


WILLIAM E. SHAMBORA 
Major General MC 
Chief Surgeon 


PREFACE 


While the routine diagnostic service of the laboratory has 
continued at a rather even level, research activities, both in 
Korea and Japan, have been greatly increased during 1952, An 
ever increasing sense of urgency has prevailed that at least a 
few of the important military medical problems must be solved. 
This, along with fluctuations in military activity in Korea, 
has produced wide variation in the work load of the laboratory. 


As in past years, this report is an anonymous collection 
of material which the editors believe to be representative of 
the work of the entire organization. Many persons have contrib- 
uted to this joint effort which has continuously been aimed at 
greater knowledge of disease and injury, and better service to 
the doctors of the Far East Command. 


The great assistance rendered this unit by other military 
and civilian agencies, and by many individuals, both civilian 
and military, not directly associated with the organization is 
deeply appreciated. Without this assistance the accomplish- 
ments. would have been considerably more difficult and in some 
instances impossible. 


R.P.M. 
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DEPARTMENT OF EPIDEMIOLOGY 


The Epidemiology Department of this laboratory was organized in 1951, with one 
medical officer assigned full time to the pursuit of epidemiologic activities. This 
department has been primarily concerned with providing the laboratory and preventive 
medicine consultants within the theater with detailed and specific information per- 
tinent to problems which it has investigated, and no attempts at preventive epiden- 
iology have been made. The following report presents a brief account of some of the 
problems which were of interest to this department and to medical personel in the the- 
ater during 1952. 


HEMORRHAGIC FEVER: The first recognized case of hemorrhagic fever among UN per- 
sonnel was a single fatal case which appeared in April, 1951, and was diagnosed in 
retrospect by review of autopsy material after criteria for pathologic diagnosis had 
been established. A review of the Russian and Japanese literature disclosed the fact 
that armies of both nations had experienced a disease of similar manifestations in 
Siberia and jog ea in the late 1930's and that considerable investigation had 
been conducted,(1, 2 


With few exceptions all cases in UN troops have contracted their disease in a 
rather narrow region of Korea bounded on the north by the MLR, on the east and west 
by the coasts and on the south by a line drawn roughly from Seoul on the west to 
Inje and Norumegi on the east. The greatest concentration of cases has been in the 
immediate vicinity of the MLR, particularly the western sector. It is probable that 
this endemic region extends into North Korea and Manchuria though the actual data on 
the presence of disease in this territory is unknown. 


Although cases develop throughout the year, incidence of the disease is char- 
acterized by two distinct peaks, one in the spring and the other in the fall. There 
appears to be fair correlation between the peaks of incidence and the dry seasons of 
Korea, the spring-summer outbreak declining with the onset of the heavy rains of 
midsummer and the fall peak declining with the advent of the snows of winter, 


The etiology of the disease is not definitely known. Available evidence indi- 
cates that the agent is probably of viral or rickettsial nature and that the disease 
is transmitted by certain arthropod vectors. It is also probable that a reservoir 
of infection exists and field rodents indigenous to the endemic area are suspected 
of harboring the agent. The disease is almost entirely confined to the rural popula- 
tion. The majority of cases develop in men living in tents and bunkers in intimate 
contact with the ground, and a large rodent population is commonly described. Sev- 
eral species of mites whose monthly variation in population appears to be correlated 
with the seasonal peaks of incidence have been found in the endemic region of Korea, 
The rodents most commonly suggested as possible reservoirs of the agent are the Mi- 


crotus and Apodemus agrarius. 


Clinical Description - Hemorrhagic fever is a disease characterized by 
fever, non-specific at ie 5 Oe symptoms, capillary and arteriolar damage, and 
impaired renal function. After an incubation period which may vary in duration from 


- two to five weeks, the onset of symptoms occurs suddenly and with few prodromata. 


Illness is commonly heralded by chills, fever, malaise, retro-orbital headache, ab- 
dominal and back pain, and frequently nausea and vomiting. Weakness, syncope, and 
fainting, particularly when standing, are not uncommon. Blurring of. vision and dip- 
lopia are sometimes seen. This initial, or febrile phase, lasts from three to eight 
days and is usually concluded by a rapid lysis of the fever. Toward the end of this 
period, conjunctival injection and edema, and petechiae of the soft palate and pres- 
sure areas of the skin frequently develop. Albuminuria invariably appears around 
the third day and within two days thereafter is usually h/. Absence of albuminuria 
precludes a diagnosis of hemorrhagic fever, The early febrile period is quite reg- 
ularly associated with a deep flush of the face, neck, and upper thorax resembling 
to a great extent the erythema of sunburn. 


Immediately following defervescence, some degree of hypotension is commonly 
seen. In the majority of cases this hypotension is mild and responds well to con- 
ventional measures. In about five per cent of the cases, true shock occurs and may 
result in death. This period of hypotension lasts from a few hours to two or three 
days following which the blood pressure gradually rises. During and following this 
"hypotensive phase", oliguria develops and the urine usually contains large numbers 
of red cells, sometimes to the extent of gross hematuria. This oliguria is not de- 
pendent upon hypotension, as it may develop in the absence of any significant lower- 
ing of the blood pressure. 


At the conclusion of the oliguric period, diuresis begins suddenly, and urine vol- 
umes of ) to 5 liters per day are not uncommon, The consequent rapid loss of fluid 
and electrolytes may result in serious problems of management. During or shortly 
before the onset of diuresis, hypertension is sometimes seen and arterial pressure in 
the neighborhood of 160-180/100-120 is not uncommon. Seldom is the elevated pressure 
high enough to be dangerous in itself, and during recovery it gradually returns to 
normal, 


Convalescence is characterized by a return of appetite and ability to retain 
fluids, continuation of diuresis, and gradual return of renal function. Diminished 
urine concentrating ability and proteinuria may continue for several weeks after the 
patient is otherwise apparently well. Available data indicates that recovery, once 
effected, is complete. All cases have regained clinically normal renal function. It 
appears that some degree of immunity is imparted, as no patient has developed the 
disease a second time, though most are returned to duty in the endemic area, 


Clinical laboratory data usually shows definite abnormalities. The white blood 
count often rises during the late febrile period and sometimes resembles a leukemoid 
reaction. Counts of 20,000 or more with many immature myeloid forms are not uncommon, 
Blood platelets are usually low and bleeding time is prolonged. The hematocrit usually 
rises during the hypotensive and oliguric phases and may fall rapidly following the 
onset of diuresis. Impaired urine concentrating ability is evident during the diur- 
etic period and proteinuria is a constant finding. Blood urea nitrogen and creatinine 
levels rise with the onset of oliguria and continue for some time after diuresis is 
established. 


Serum electrolytes are variable. An increase in plasma potassium is common and 
may be sufficient to produce electrocardiographic changes. Chlorides are frequently 
low. Hyponatremia sometimes develops during diuresis, and hypocalcemia is frequently 
seen. Total serum proteins show no consistent pattern. In general, the albumin 
fraction decreases until around the tenth day of illness. Recovery is accompanied 
by a gradual return of all these changes toward normal, The elevated BUN, protein- 
uria, and diminished concentrating ability may persist for several weeks after all 
symptoms have subsided. 


Incidence - The distribution of cases and deaths during 1951 and 1952 is 
shown graphically in Figures 1 and 2. During 1951, 989 cases were reported and in 
1952, 1,041 cases developed. The graphs for the two years must be considered to- 
gether as the decline of the second (fall-winter) peak in 1951 extends into 1952. 
Dividing the graphs arbitrarily as follows into four periods, certain comparisons 
may be made: 


(1) 1 June 1951 through 8 August 1951 (spring-summer outbreak, 1951) 
(2) 15 August 1951 through 19 March 1952 (fall-winter, 1951 to 1952) 
(3) 26 March 1952 through 27 August 1952 (spring-summer outbreak, 1952) 
(4) 3 September through 31 December 1952 (fall-winter 1952 outbreak) 


During the spring-summer outbreak of 1951, 91 cases were reported of which 15 
died, or a case fatality of 16.5 percent. It is likely that this high percentage 
of deaths resulted from a combination of factors, the most important of which 
was failure to recognize mild cases of the "new" disease. Delayed or traumatic 
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Figure 1, Incidence of Hemorrhagic Fever in Korea - All Personnel, 1951, By Week 
of Onset (Deaths Recorded by Week of Onset of Illness 
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Figure 2. Incidence of Hemorrhagic Fever in Korea - All Personnel 1952 By Week 
of Onset (Deaths Recorded by Week of Onset of Illness) 


evacuation and improper treatment may have contributed to this high case fatality 
rate, though this seems less important since these conditions still prevailed in 

the fall-winter outbreak, when 95]; cases were reported with 62 deaths, a case fatal- 
ity rate of 6.5 per cent, 


Dividing the graph for 1952 into two periods, a striking difference is seen. 

. Whereas in 1951 the spring-summer epidemic was small in contrast to the \fall-winter 
| season, this situation was reversed in 1952. During the spring-summer season this 
year, 679 cases were reported with 3l; deaths, a case fatality of 5 per cent. In the 
fall-winter epidemic, 306 cases were reported with 13 deaths, a case fatality rate 
of 4.2 per cent. The possibility of missed mild cases still exists, but familiarity 
with the disease makes this possibility seem unlikely. The fall in the case fatal- 
ity rate observed during the two years probably reflects the improved evacuation 

jk system, earlier recognition of cases, and better understanding of the principles of 
q proper therapy. 


No single event can be ascribed as responsible for the unexpectedly small fall 
outbreak in 1952. It is interesting to speculate with regard to the impregnation 
program instituted by the Eighth Army in the summer of 1952. In a disease thought 
to be transmitted by arthropod vectors, attempts at control of the disease would 
logically include measures designed to decrease the vector and reservoir population, 
and to deny potentially infected vectors access to susceptible individuals. Accord- 
ingly, an active rodent control program was instituted. Impregnation of clothing 
with mite repellants was initiated in all units in the endemic area. Exact figures 
on the number of troops in the endemic area who had their clothing imoregnated are 
unobtainable. Similarly, even among the men who subsequently developed the disease, 
it is difficult to arrive at accurate knowledge of the extent of clothing impregna- 
tion employed by each man. Consequently, no definite cause and effect relationship 
between the clothing imoregnation program and the small fall outbreak can be made. 
However, clothing impregnation is one of the major differences between the conditions 
which obtained in 1951 as compared to 1952 and this could have influenced the decline 
in the incidence. On the other hand, no knowledge of the annual variation in inci- 
dence is available. It is possible that the pattern observed this year is a natural 
phenomenon, due perhaps to weather conditions and/or a small vector-reservoir popula- 
tion. Similarly, it is conceivable that the replacement of American troops in for- 
ward areas with ROK forces might have been a factor in the lesser incidence among 
Americans in 1952, Neither can a decrease in pathogenicity of the causative agent 
be excluded. 


INFLUENZA: In October 1952, a number of cases of influenza-like disease were 
admitted to an air force hospital in the Philippine Islands, and between 1 October 
and 15 December, 178 cases were observed. These were reported as upper respiratory 
infections and common colds but as paired sera from a sampling of the cases began 
to show rising antibody titers to Type A* influenza virus, it became apparent that 
a high percentage of the patients actually had Type A‘ influenza. This fact was 
not recognized until the Philippine outbreak was definitely on the decline. During 
December, only sporadic cases were seen. 


Cases of a similar nature began to appear in Okinawa in November, where again 
the pattern of an abrupt increase in incidence rapidly reaching a peak with a subse- 
quent rather rapid decline in December was noted. Here, too, paired sera from a 
sampling of cases showed diagnostic rises in titer to influenza Tyve A‘ virus. 


In early December cases appeared in Japan, first in the Tokyo-Yokohama area, but 
rapidly spreading to the suburbs and rural areas, The vrogression in Japan was irregular 
but generally proceeded northward. 


Finally, during mid-December confirmed cases of influenza began to appear in 
Korea and it was feared that a major epidemic might be in progress. It is reported P 
that large mumbers of cases are now occurring in the United States and Europe and it 
is apparent that the disease has become pandemic, 


—_—_- 


As the epidemic in this theater is still in vorogress, a definitive presentation 
of its magnitude and distribution cannot be made at this time. However, in Figure 3, 
an attempt is made to show the relative time of apnearance of confirmed cases of in- 
fluenza in the major divisions of this command. It may be seen that the first serol- 
ogically proven cases of the current outbreak developed in Okinawa and the Philippines 
in November. From here, the disease spread first to the Tokyo-Yokohama area of Japan, 
then to other regions of the islands, and finally to Korea. Actual numbers of cases 
serologically confirmed are also shown, arranged by location and week of onset. The 
data for Korea is misleading in that many suspected cases are occurring there at this 
time. An unknown number will subsequently be confirmed. The data accompanying paired 
sera submitted to the laboratory for influenza studies indicate that most of these 
suspected cases in Korea had the onset of their illness in late December and early 
January, 1953. 


Figure 4, shows the relative rates of upper respiratory disease, including influ- 
enza for Japan, Korea, Okinawa, and the Philippines during 1952. It would appear from 
the available data that relatively few of the cases represented by the high rates in 
early 1952 were actually true influenza, in contrast to the current outbreak, in which 
a relatively large number are vrobably actual cases of the disease, 


Clinical Course - Typically, the cases seen are characterized by prodromata 
resembling a common cold with the later development of severe malaise, frontal head- 
ache, and muscular soreness. Chills are not uncommon and fever up to 102 - 103° is 
a frequent finding. Sore throat is not prominent and there has been no increase in 
the incidence of beta hemolytic strentococcal pharyngitis. Cough of a non-productive 
nature develops on the second or third day and often pversists for a week or more after 
the acute manifestations of illness have subsided. Occasional cases have developed 
bacterial pneumonia which responds well to antibiotics and no deaths from the disease 
among American personnel have been revorted. In most instances, the disease runs a 
self-limited course of ) to 6 days requiring only symotomatic care, 


Serologic ees of Paired Sera - Table 1, shows the serologic experience 


with influenza during 1952, as revorted by the Devartment of Virus and Rickettsial 
Diseases; (See report of this department). The winter 1951-1952 season gave rise to 
very little influenza and the interval August through December 1951 is not represented 
in the Table, as during that veriod none of h paired sera received by this laboratory 
showed diagnostic rises in titer to influenza virus. It will be seen from Table l, 
that the majority of the positive paired sera tested during the early months of 1952 
showed highest hemagglutination inhibition titers to the Lee strain of virus and were, 
therefore, influenza Type "B" cases. During that period isolation was accomplished 

in two instances, both isolates being influenza Tyve "B" virus, 


In contrast, beginning in November 1952, when the first sera of the winter 1952 
outbreak began to show diagnostic rises, almost all rises were to influenza Type A. 
About sixty percent of the paired sera tested by the hemagglutination-inhibition method 
during the winter of 1952-1953 showed diagnostic rises in titer predominantly to FW1-50 
(Cuppet) and, to a lesser extent, to the FM-1 strains. The remaining 0% had equal 
rises in titer to both FM-l and Cuppet strains. Of 37 isolation attempts this winter, 
Type A‘ virus has been isolated in six instances. Only 3 paired sera tested this 
season have shown diagnostic rises in titer to Type B virus, Two of these originated 
in Japan and one in Korea. Though the large spectrum of antibiotics currently avail- 
able is capable of substantially reducing the number of deaths resulting from second- 
ary infection, the range of virulence of the influenza virus is still not known and 
the disease must be considered a major potential threat. Moreover, even in the ab- 
sence of any appreciable death rate the degree of morbidity associated with the infec- 
tion results in a staggering loss of effective man hours in any large community where 
the disease reaches epidemic proportions. 


For these reasons the question of immunization of the American forces in Korea 
arose. As it appeared that existing influenza vaccines would protect against the cur- 
rently encountered strains of virus, an immunization program for the Eighth Army was 
initiated in January 1953. However, at the present time large numbers of suspected 
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Table 1. 1952 Laboratory Diagnosis of Influenza by Month 


No. Diagnostic Rise 
No. of Paired Diag. % Pos- FW-1-50 Isolation 
Month Requests Sera Rises itive PR-8 FM-1 Lee (Cuppett) Req. Isolates 
Jan. 19 13 5 38 0 fe) 5 0 0) 
Feb. 13 8 3 37 0 1 2 1 1 
Mar. 77 1 13 32 1 (1) 5 8 17 1 
Apr. 71 39 wy 36 1 2.02). a 0 
May 20 12 hy 33 0 9) h 0 0 
June 8 3 0 0 0 0 0 0 0 
July | 5 mM 0 0 0 0 0 6) 0 
Aug. 15 13 fo) 0 0 0 0 0 0 
Sept. 8 \ 6 0 0 @) 0 0 0 0 
Oct. 5 3 0 fe) ) 0 ) 0 0 
Nov. 17 12 2 17 0 1 (3) 0 2 6) 0) 
Dec. 192 38 22 58 7(h) 18 (5) 6) au (5) «61 6) 
TOTAL LL8 192 63 9 26 32 23 86 2 


(1) This patient showed a rise to FM-1 and PR-8 

(2) This patient showed a rise to FM-l and Lee. 

(3) This patient showed a rise to Cuppett and FM-l. 

(4) These patients showed a rise to PR-8, FM-1 and Cuppett. 

(5) Eleven of these patients showed a rise to FM-1 and Cuppett. 


cases are being encountered there as evidenced by the receipt of pvaired sera at this 
laboratory. 


VIRAL DISEASES CF THE CENTRAL NERVOUS SYSTEM: All cases of either clinically 
diagnosed or suspected viral diseases of the central nervous system in the Far East 
Command are reported to this section by radiogram. From these data a rough tabula- 
tion of the incidence is made. There were 25 cases during 1952 revorted as non-bact- 
erial meningitis, 116 as encephalitis, and 123 as voliomyelitis. The 25 cases grouved 
under the category "non-bacterial meningitis" renresent such diagnoses as lymphocytic 
choriomeningitis, Guillain-Barre’ syndrome, and acute meningitis, non-bacterial, type 
undetermined. Sixteen of the 25 were reported in Japan, 6 in Korea, 1 in Okinawa, 
anc 2 in the Philippines. Because the clinical differentiation cf this group of dis- 
eases and the encephalitides is often difficult, there is probably some overlapping 
between the two categories and certain inaccuracies in tabulation are, therefore, 
unavoidable. 


Of the 116 cases reported as encephalitis, 32, or 27.6%, were confirmed by 
complement-fixation test as Japanese B encephalitis. 


Japanese B Encephalitis - Figure 5, shows graphically the incidence of cases 
reported as encephalitis 2 American personnel in the Far East Command during 1952. 
The graph also presents those cases serologically confirmed as Japanese B encephali- 
tis and deaths in which a presumptive diagnosis of the disease was made at autopsy. 
In addition to the laboratcry confirmed cases shown in the graph, there were 8 Korean 
and  Ckinawan natives whose sera showed diagnostic rises in titer. In contrast to 
the experience in 1950, relatively few cases of confirmed Japanese B encevhalitis 
were seen in Korea during 1951 and 1952. The total number of confirmed cases of the 
disease for the period 1950 through 1952 is summarized below:(3, h 
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Figure 5. Encephalitis, American Personnel, FECOM, 1952 
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Confirmed Japanese B Encephalitis, 1950-1952 


Korea Japan Okinawa Total 
1950 189 10 2 201 
1951 2 ti 9% 12 
1952 13 13 6 32 


* S of these were Okinawan natives 


Japan. There were 6) cases of encephalitis reported in U.S. person- 
nel in 1952. Of these, 13 have been serologically confirmed as Japanese B encephal- 
itis and 5 others died, with a presumotive diagnosis of the disease made at autopsy. 
The peak of incidence of both reported and confirmed cases occurred during the month 
of September, when there were 19 reported cases, 6 confirmed cases, and 2 deaths. 
All laboratory confirmed cases who contracted their disease in Japan had onset dates 
in August or later. 


Little is known of the reservoir and mode of transmission of Japanese B enceph- 
alitis. It is suspected that certain wild birds and the mosquito Culex tritaenior- 
hynchus harbor the virus. Accordingly, a study was made in an attempt to determine 
the relationship between the relative mosquito population, the avpearance of virus 
among the mosquito population, and the onset of viremia in wild birds. Results of 
these studies are reported in the section devoted to the Department of Virus and 
Rickettsial Diseases. 


Figure 6 presents a graph of all cases in Tokyo-to reported by the Japanese Min- 
istry of Health in the years 198 through 1952. The criteria for serologic confirma- 
tion used by the Japanese Ministry of — - a h-fold rise in comolement-fixation 
titer or a single titer of 1:16 or greater. 5 Of the 711 cases renorted among Jap- 
anese in 1952, 299 were confirmed by positive complement-fixation tests, and 2 by 
necropsy. One hundred seventy-eight deaths were reported. 


Several interesting observations can be made from these data. First, there 
appears to be a tendency to alternate between August and September as the months of 
onset of cases. Secondly, it would appear that a correlation exists between the 
peak of incidence and the overall magnitude of the outbreak. In years of high 
incidence, the peak occurred earlier than in the "off" years, The epidemic years 
1948, 1950, and 1952 showed a peak in incidence occurring in August, whereas in 
1949 and 1951 few cases were reported in August, the peak incidence being in Septem- 
ber. If this pattern continues these findings would suggest that for any given year 
a sudden increase in early August mizht be expected to be associated with a severe 
encephalitis season. 


Seventy-six percent of all cases were under the age of 1. Incidence rates per 
100,000 population per annum varied from a high of 30.0 in the age group 5 to 9 years 
(Japanese age, or approximately to 8 years by Western standards) to a low of 1.90 
in the age group 1,0 to 9 years, Japanese age. In general, case fatality rates were 
higher in the older age groups. The age distribution of cases of Japanese B enceph- 
alitis in Tokyo-to during 1952 suggests a greater susceptibility in the younger age 
groups and a relative immunity of persons beyond adolescence. Neutralizing antibod- 
ies to the virus have been demonstrated in many adults who give no history of a dis- 
ease resembling encephalitis, 2 fact which suggests the existence of a large number 
of inavparent infections. (5, 6) 


Korea - Thirty-six cases of encephalitis among U.S. personnel were 
reported with origin in Korea. The peak of incidence occurred during the month of 
September, when 18 cases were reported, of which 9 were serologically confirmed, 
The first proven cases of the disease appeared in August, as in Japan. The total 
number of serologically proven cases from Korea is 13, excluding 8 Korean nationals. 
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Figure 6. Javanese B Encephalitis, Tokyo-to, 198-1952 
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Okinawa - A total of 16 cases of encephalitis in U.S. personnel were 
reported from Okinawa, of which 6 were serologically confirmed, The veak of incidence 
developed during June, when 7 cases were reported, l; of which showed diagnostic rises 
in titer to Japanese B encephalitis. The first confirmed case developed during May, 
in contrast to Japan and Korea where confirmed Japanese B encephalitis did not occur 
until August and September. In addition, 4 Okinawan natives developed proven cases 
of the disease. 


Philippines - No cases of encephalitis were reported among U.S. verson- 
nel in the Philippine Islands during 1952. 


Poliomyelitis - The incidence of poliomyelitis in the Far East Command is 
shown oreukisetiy in Figure 7. One hundred twenty-three cases were reported in 1952. 
The greatest incidence of the disease developed in the Philippines during the months 
of June, July, and,August. There were a total of 61 cases in the Philippines through- 
out the year, among which there were two deaths. The number of cases fell off sharply 
during the months of September and October and no cases were reported in the month of 
December. 


Japan, Korea, and Okinawa - Thirty-four cases of poliomyelitis occurred 
in Japan and 25 in Korea during 1952, the peak month of incidence in both locations 
being July. Each area had deaths from the disease. No cases have been reported from 
either Javan or Korea since November. Okinawa experienced only 3 cases with dates of 
onset during June, July, and September, 


INFECTIOUS HEPATITIS: Epidemiology - Interest in infectious hepatitis was stim- 
ulated in 1950 by the high incidence of the disease in American personnel in Korea. 
During February 1951, the attack rate reached 35 per thousand ver annum. A graph of 
the incidence in 1951 and 1952 in Japan, Korea, and Okinawa is shown in Figure 8. It 
is vrobable that the rates include some cases of serum hepatitis as well as infectious 
hepatitis as the two are difficult to distinguish clinically. 


During the early spring of 1951, rates in Korea fell abruptly and throughout most 
of 1952, the incidence remained lower than the rate in Japan. The reason for this 
sudden reversal is not known. It is interesting that in February, 1951, the residual 
chlorine content of potable water in Korea was increased from 2 to 5 parts per million. 
No significance is attached to this observation. The current concept of the viral 
etiology of infectious hepatitis is the result of investigations begun during World 
War II. It is probable that several strains of viruses capable of producing infectious 
and serum hepatitis have evolved. Experimentally, the virus of infectious hepatitis 
can be transmitted to human volunteers by either the oral or varenteral administration 
of the feces or blood of patients in the acute phase of the disease. The virus of 
serum hepatitis, on the other hand, has been transmissible only via the parenteral 
route. The susceptibility of the agents to chlorinated water is not yet established. 


As infectious hepatitis and serum hepatitis have identical clinical manifesta- 
tions, it is difficult to differentiate the two. Differential diagnosis may depend 
solely on history of exposure, transfusion, therapeutic injections, or immunizations. 
The incubation pericd is distinctly different, and may aid in the diagnosis. Serum 
hepatitis develops in from 60 to 120 days, while infectious hepatitis develops in 10 
to 0 days after exposure. The average incubation period of the latter disease is 
25 days. 


Incidence - Figure 8 shows graphically the rates per thousand per annum in 
Japan, Korea, and Okinawa. During 1952, less hepatitis was exverienced in Korea than 
in the other areas of the theater. This was a sharp reversal from 1951 experience. 
Okinawa had the highest incidence of infection, with a peak period in May, when the 
rate was 15.0 per thousand per year. In Javan and Korea, minor peaks occurred in 
April, and again in October and November. No striking seasonal trend is evident in 
any command during the years 1951 and 1952, 
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Figure 8, Hepatitis in Japan, Okinawa and Korea, all Army Personnel, 1952 
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Nagasaki Study - In addition to the sporadic cases which occurred through- 
out the theater, there was one localized outbreak of infectious hepatitis which was 
investigated. Between 2); February and 6 April 1952, 15 cases of infectious hepati- 
tis were reported in persons who had stayed or eaten at the Kanko Hotel in Nagasaki, 
Japan, some ); to 6 weeks prior to the onset of disease. In addition, there was one 
case with onset in January. 


Attention was drawn to the possibility of a source of infection at the Kanko 
Hotel by the fact that 4 cases appeared out of a group of 7 persons who visited the 
hotel on the weekend of 2 and 3 February. Further search in hospitals in Japan and 
questioning of cases revealed that the remaining 11 patients had also stayed at the 
Hotel Kanko. Information was not available regarding the total number of visitors 
at the Kanko or any other hotel in Nagasaki during that period. Questioning of 
hepatitis cases in most of the military hospitals in southern Japan at this time 
revealed no other cases who had visited Nagasaki during the usual incubation period. 


All but one of the patients developed diarrhea either while in Nagasaki or within 

a day after return to their respective stations. This was true of those persons who 
accompanied the patients to Nagasaki as well. Three naval officers who stayed at 
another hotel in Nagasaki on 2 and 3 February developed diarrhea but did not develop 
hepatitis. In no instance were enteric pathogens demonstrated on routine laboratory 
examination. Throughout February and early March water in the hotel was turned off 
from time to time. During these periods water in containers was delivered for wash- 
ing and drinking. The source of this water was not known. The Nagasaki city water 
supply had been short and had been turned off and on for the entire city on alter- 


nate days. Many veople made a practice of storing water in vessels for use during 


the off days. The epidemiologic pattern of the outbreak was consistent with infec- 
tion from a common source at approximately the same time and it is likely, though 
not proven, that this source was the Kanko Hotel and most probably from a contamin- 
ated water supply. 


STREPTOCOCCAL INFECTIONS: Streptococcal infections in the Far East Command have 
not reached sufficient proportion to be of epidemiologic concern. However, an out- 
break cf streptococcic sore throat appeared aboard the USS BRECKENRIDGE between 
28 March and 2 April, 1952, 


The clinical picture was that of a typical, acute, exudative tonsillitis or pharyn- 

gitis. Onsets could usually be timed to the hour and began with malaise, feverishness, 
and chilliness followed in a few hours by sore throat. In some cases sore throat was 
the presenting symptom. Anorexia, vomiting, and nausea were common but there was no 
diarrhea, Temperature ranged from 100 to 10 and the patients usually appeared acutely 
ill, with rapid pulse, sweating, conjunctival injection, and mild flushing of the face. 
Throats appeared glistening red and tonsils, when present, were usually enlarged, 
There was in almost all cases a patchy, purulent, non-adherent exudate over the ton- 
sils and in more severe cases extending over the pillars. The uvula was often edem- 
atous and markedly injected. Tonsillar nodes were enlarged and tender. No instances 
of scarlitiniform eruption were noted, Strains of beta hemolytic streptococci isola- 
ted from the throats in the outbreak showed a pattern consistent with the Lancefield 
Group "A"; (see report of the Department of Bacteriology). 


The USS BRECKENRIDGE, an MSTS Troop Transport, departed from San Francisco about 
12 March and docked at Yokohama port on 29 March 1952. Aboard it was a crew of 510 
navy personnel including 19 chief petty officers and 32 officers, There were 2,083 
troop class and 363 cabin class passengers. Cabin class passengers and ship's 
officers ate in the cabin mess served by a galley on the same deck. Troop class 
passengers and enlisted crew members took their meals in the troop mess supplied by 
a second deck galley. Waiters and stewards ate in the cabin mess. 


Between 28 March and 2 April approximately 185 cases of sore throat apneared 
among crew and troop passengers. The peak incidence of onset was on 30 March when 


more than half the patients became ill. The distribution cf cases showed certain 
distinct localizations. Only 3 cases could be found among versons using the cabin 
mess whereas 179 cases appeared among personnel eating in the troop mess. Infor- 
mation regarding the remaining 3 cases was not available. Since the outbreak was 
explosive and because of the discrepancy between the number of cases occurring 
among personnel who ate in the two messes, it was suspected that this represented 
an outbreak cf food or milk-borne streptococcal sore throat arising in some manner 
from the troop mess. It was apparent that at the time of exposure the agent was 
not evenly distributed to all personnel using the troop mess. This mess served 
approximately 2,500 people at each meal and several containers of food and bever- 
age were served over a 2-hour period. It was thus conceivable that only certain 
portions of a given menu item were contaminated. Since milk and milk products 

are the usual vehicle for such streptococcal outbreaks the menus for the vreceding 
days were carefully examined, 


The epidemiologic evidence pointed to re-constituted, powdered milk as a 
source of infection and cultures were obtained from several samples of sealed cans 
of this product. Although streptococci were isolated from these cans, most were 
Group "D" strains and they differed from organisms recovered by throat culture; 
(see report of the Department of Bacteriology). 


It is probable that reconstituted milk was the source of infection. It seems 
extremely likely that this milk was contaminated after reconstitution. The milk 
was usually made up on the night before serving and allowed to stand at room tem- 
perature until approximately 0430, when ice was added for chilling. It was drawn 
off the kettles through a tap at about 0600 and taken to the mess rooms where it 
was distributed in pitchers. A human carrier would be the most likely source of 
contamination in such a case. Although this could not be definitely established, 
it is the explanation which seems most consistent with the observations. 
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DEPARTMENT CF VIRUS AND RICKETTSIAL DISEASES 


The following report summarizes the significant observations made of virus and 
rickettsial infections in the Far East Command during the past year. This report rep- 
resents the work of the permanent staff of the 06th Medical General Laboratory and 
the Far East Medical Research Unit. The efforts of the Commission on Hemorrhagic 
Fever, Armed Forces Epidemiological Board, in the search for the cause of this disease 
will be found in the Annual Report for the Far East Medical Research Unit. 


ROUTINE EXAMINATIONS: Tables I and II present in summary form the nature and the 
extent of all procedures performed by this department during the past year. 


Table I includes experimental procedures as well as routine serological testing. 
Table II indicates all recovery attempts of infectious agents from many diverse sour- 
ces. In the text only those diseases of frequent occurrence, or of military import- 
ance, are discussed. For the sake of brevity, no attempt has been made to discuss 
infrequent observations, either positive or negative, 


Japanese B Encephalitis - From the occurrence of clinical encephalitis in 
the Far East during the past year it is apparent that JBE virus was more widely dis- 
seminated in 1952 than in the preceding summer. (See Epidemiology Section this report). 
During the summer and fall of 1952, serum from 10 United Nations personnel hospital- 
ized with a diagnosis of "encephalitis, acute, type undetermined" was received. These 
cases occurred in Korea (3), Javan (70), Okinawa (25), and the Philippines (2); these 
figures do not include cases occurring in Japanese or Korean civilians, or cases of 
paralytic poliomyelitis in United Nations personnel. 


Because United Nations personnel were not vaccinated against JBE in 1952, and 
because previous vaccination history was reported on all suspected patients, both the 
neutralization test and the complement fixation tests were employed to obtain evidence 
for or against carat 2h Bee with JBE virus. Nevtralization tests were done according to 
the method of Paul ‘1) and complement fixation tests according to the method described 
by Hammon (2), The diagnosis of JBE was considered 


positive: if complement fixing antibodies exhibited a h-fold 
rise in titer, or were sustained at 1/16 (dilution/0.25 
ce serum) or greater: if an increase in serum protecting 
substances of 2 or more logs could be demonstrated by 
the neutralization test. 


negative: if less than 1 log of neutralizing antibody was vresent 
in serum drawn at least ten days after onset of illness, 
in the absence of demonstrable complement fixing anti- 
body. 


‘ 


equivocal: if levels of complement fixing antibody were not diag- 
—————_ nostic (see above) in convalescent sera, and vrotection 
. was afforded by the serum against 2 or more logs of JBE 

virus. 


Definitive serological diagnosis, particularly of "negative", required that three 
serum samples from each patient be tested. Serum samoles drawn in the acute phase 
(first 5 days) and about the 21st and 35th days of illness respectively were consid- 
ered adequate for diagnosis. 


Using the above criteria, sera from 78 of the 10 encephalitis suspects were con- 
sidered adequate for diagnosis, Table III compares the total serological diagnoses 
made in 1952 with those made in 1950, an "epidemic" year. 


A discussion of the geographical distribution of disease in different years will 


be found in the Epidemiology Section of this report. Of particular interest is the 
observation that in areas and seasons of high incidence, i.e. Korea, 1950, the 
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Table III. Serologic Diagnosis of JBE: United Nations Personnel in 
the Far East, 1950 and 1952 


Korea Ape ises! Ori nevs eet es Totals / 


Suspects 299 43 70 1h 25 339 = 1h0* 

Adequate Sera 29728 IB Rg eerie f 3 260 —s- 78 
Positive 189 12 10 12 2 6 201 30 
Negative $8911 6 19 0 7 bh 39% 
Equivocal 10 2 2 iF 3 3 15 9 


* Includes 2 cases from the Philippines 


majority of suspects were diagnosed serologically as JBE whereas in areas and seasons 


of low incidence, as many as 75% of those clinically diagnosed as encephalitis (with 
or without adequate serum), could not be serologically confirmed as JBE. Assuming 
uniform sensitivity and specificity of the testing method, this suggests a dilution 
of suspected cases with central nervous system diseases of other etiology. A sero- 
logic study of that group of central nervous system diseases susvected of being of 
viral etiology but serologically negative for JBE was initiated in June of 1951, 

and is discussed under the heading "Asentic Meningitis" (see following section). 


The range of onset dates for this year's serologically vroven cases of JBE is 
shown in Table IV. The earlier appearance of cases in Okinawa than in Japan and 
Korea is consistent with previous experience, The suggestion, that differences of 
latitude and climate may influence epidemic curves, should serve as a caution to 
interpreting data from such areas of wide latitude as all Japan. For vurposes of 
correlating human, avian, and mosquito populations and infections,the study areas 
should be small and well demarcated. 


Table IV. Distribution of Serologically Proven JBE Cases, 1952, By Time 
and Area of Infection 


Onsets of Disease a 
Area Number of Cases /Tst Case Last Case 
Korea 12 10 Aug 52 22 Sep 52 
Japan . 12 9 Aug 52 26 Oct 52 
Okinawa 6 14 May 52 13 Jul 52 
Far East 32 | 1h May 52 26 Oct 52 


The sera of 5 Korean civilians and Korean and Chinese prisoners of war with 
clinical diagnoses of encevhalitis were submitted for study. Of 12 patients with 
adequate serum sampling, eight were confirmed serologically as JRE. Two serolog- 
ically preven cases of JRE occurred among Japanese civilians employed by the U.S. 
Army on Okinawa. 


All attempts to recover JBE virus from human brain and cord (8), cerebrospinal 
fluid (20), and whole blood (6) were unsuccessful. Five cases in United Nations 
personnel terminating fatally were found to be histologically compatible with 
viral encephalitis. (See Pathology Department Report for l of these cases) No 
transmissible agents were recovered from the brains of these cases. All died after 
the 6th day of disease and the failure to isolate virus is consistent with vorevious 
experience (3) . Serologic suggestion of one of these patients (R.R.) as a JBE 
death is based on 3.1 and 3.7 logs of neutralizing antibody in serum drawn on the 
lth and 9th day of disease, plus the fact that the vatient entered the Far East for 
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the first time 13 days prior to the onset of illness, In two other fatal cases (C.R. 
and M.C.) no neutralizing antibody to JBE virus was present in serum drawn 5 and 9 

days after the onset of disease respectively. In neither case was there neutralizing 
antibody to other common viruses pathogenic to the central nervous system. Case M.C. 
also failed to demonstrate agglutinating antibodies to 12 live strains of leptospira. 


Aseptic Meningitis - During the 18 month period beginning Jue, 1951 sera 
from a number of cases of central nervous system disease, presumably of viral origin 


other than JBE, were received, These cases appeared sporadically throughout the year 

in Japan, Korea, Okinawa, and in the Philippines. The clinical picture in well over 

90% where data were available, was that of an acute febrile illness of mild to moder- 

ate severity ushered in by headache, nuchal rigidity, nausea, and lethargy. The 

spinal fluid in these patients showed pleocytosis, normal sugar levels, and bacterial 

op aa Most cases recovered uneventfully without residua or sequelae after 1 to 
weeks. 


Clinically, these cases were variously diagnosed as encephalitis, encephalomyel- 
itis, meningoencephalitis, nonbacterial or aseptic meningitis, lymohocytic choriomenin- 
gitis, mumps meningitis, and non-naralytic poliomyelitis. Of the 58 cases from whom 
adequate clinical descriptions were obtained, 9 had additional signs or symotoms of 
localized brain or spinal cord disease, presenting evidence of pyramidal tract in- 
volvement and 5 of asymmetrical lower motor neuron involvement. Two additional cases 
were comatose, and 2 had a generalized convulsion at onset or during the acute phase 
of illness. In 3 cases there was a history of antecedent or concomitant parotitis 
and in 2 others there was a history of close recent contact with mumps. Five patients 
gave histories of preceding upper respiratory infections, 1 having an X-ray picture 
compatible with atypical pneumonia, and another having a severe sore throat. Two 
cases had histories of recent vaccination, 1 with smallpox and 1 with JBE vaccine. 
Three had concomitant ulcerative penile lesions. In 1 patient abdominal pain was a 
prominent symptom and in another retrobulbar pain. Eight of the 58 cases were under 
1; years of age; the rest spread up to 0. Both sexes were represented. It avpeared 
from thc variability in clinical histories that several entities were represented by 
this group. 


In an attempt to define etiology in these cases a series of tests were performed 
on available sera by this laboratory and the Army Medical Service Graduate School. 
The tests selected in each case were determined by clinical histories and available 
serum. The results of testing in 58 cases are presented in Table V. Complement 
fixation and/or neutralization tests were employed for the serodiagnosis of JBE, LCM, 
and Herpes Simplex; complement fixation and/or agglutination tests (using 12 live 
strains) for Leptospirosis; and complement fixation tests alone for Mumps, WEE, EEE, 
SLE, and Lymphogranuloma Venereum. Criteria for diagnosis were those standard at 
the Army Medical Service Graduate School and usually required a lh-fold rise in titer 
between acute and convalescent phase sera. When antibodies were demonstrated without 
a diagnostic rise the test result was considered equivocal, 


In only 5 of the 58 cases could a positive diagnosis be made. A h-fold rise in 
mumps complement fixing antibody titer was found in all of these 5 cases and was con- 
sidered diagnostic of recent mumps infection. Two of these cases were children with 
clinical parotitis and meningitis, the other 3 were cases of aseptic meningitis with 
no history of parotitis or mumps contacts. Two of the equivocal cases of mumps can 
probably be considered positive on the basis of their clinical histories, 1 having a 
"oainful right jaw" and the other having an upper respiratory infection with many 
contacts with mumps patients just prior to her illness. 


; One tentative diagnosis of herpes simplex meningoencephalitis was made on the 
basis of a rise in neutralizing antibody titer when 7 and 21 day sera were compared 
in egg neutralization tests; testing is incomplete as yet. 


No serological evidence of leptospirosis or lymphocytic choriomeningitis (LCM) 


was reas ee in this grouv of patients. This is of special interest since Beeson and 
Hankey (4) were able to establish leptospiral infection in 11 of 8 undiagnosed cases 


~ 20 


of aseptic meningitis in the United States and an outbreak of central nervous system 
disease due to Leptospira hebdomadis B occurred among U. S. troops in Okinawa in the 
summer of 1919 Or 


Table V. Serodiagnosis of 58 Cases of Nonbacterial CNS Infection, 1951-1952* 


JBE WEE ERE SLE ICM Mumps __Herpes__ Psitt-LV Leptospira 


Cases Tested 48 2 2 2 h? cs hh 3 i) 
Positive fe) fe) 0 ) 0 5 0 0 0 
Equivocal Sue 0 0 0 0 3 21% 0 L 
Negative 43 2 2 2 47 47 23 3 48 


* Without serological confirmation of Japanese B Encephalitis 
*##* Neutralizing antibodies present in both acute and convalescent 
sera without diagnostic titer rise. 


The isolation of etiologic agents from spinal fluid, blood, or stool was rarely 
attemoted or requested in these cases and represents an important omission and area 
for future inquiry. This is particularly true in view of the recent implication of 
the Coxsackie group of viruses in the clinical ayprome of nonvaralytic porionmarh: 
tis and aseptic meningitis in the United States ) and Scandinavia (7a, 


Rabies - Rabies virus was recovered by mouse passage from 8 of 71 specimens 
submitted In 1952, The sources of these isolates together with the results of prelim- 
inary histopathologic examination by smear and section are shown in Table VI. 


Table VI. Recovered Rabies Virus, Showing Inaccuracy of "Preliminary Diagnosis" 


Specimen / Preliminary Diagnosis/ 
Accession Number /Date Receive e Source Smear Section 

V2-20 22 Jan 52 Dog Brain Japan Negative Positive 
52-641 22 Apr 52 Cat Brain Korea = = 

52-79h 23 May 52 Dog Brain Korea Positive Positive 
52-818 2 Jun 52 Dog Brain Korea Negative Positive 
52-1077 18 Aug 52 Dog Brain Korea Negative - 

52-1361 22 Sep 52 Dog Brain Korea Positive Negative 
52-1598 18 Nov 52 Dog Brain Korea Negative Positive 
52-1638 3 Dec 52 Dog Brain Korea Negative Positive 


It can be seen that the correlation between isolation of virus and the demonstra- 
tion of Negri bodies in either smear or fixed tissue section was not good. Not shown 
in Table VI are 6 svecimens reported (preliminary) as positive, h by smear and 2 by 
section. 


The diagnosis of rabies by impression smear during 1952 has been unreliable and 
of little help to clinicians; examination of fixed tissue sections was of greater value 
and in only 3 cases did the results of animal inoculation fail to substantiate them. 
Failure to obtain better correlation is in part attributable to the condition in which 
most specimens originating in Korea arrived. Adequate histological examination of many 
specimens received was not possible because of advanced autolytic changes. The year's 
experience suggests that clinicians should be cautioned in the interpretation of all 
but final reports based upon isolation results, 


Mention should be made of the identification as rabies virus of an agent submitted 
as the virus of JBE. Fourth passage mice, inoculated with an agent recovered from a 
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fatal case of "encephalitis" in Seoul were received in this laboratory. After a 6-8 day 
incubation period, central nervous system signs were observed in 2 of mice. Negri bod- 
ies were demonstrated in the brains of these mice by smear, and fixed tissue section, as 
well as in mice of the Sth and 6th passage. Complement fixing antigens prepared from 
the brains of 5th passage mice failed to fix complement with known JBE immune serum. 


Influenza - Two separate outbreaks of influenza occurred in the Far East Com- 
mand during the year. 


The first outbreak was relatively small, involving only a portion of the military 
population, Serologically proven cases first appeared in January at Sasebo among the 
complement of a Military Sea Transport Service vessel recently arrived from the United 
States. Cases appearing in Kobe and the Tokyo-Yckohama area in February were similarly 
confirmed serologically. Laboratory confirmation of 1 case in Korea was obtained in 
April. Altogether, 39 of 115 pairs of sera showed significant antibody increases. Rises 
to Lee virus were shown in the majority of these patients. The relative incidence of 
serologically confirmed cases by area of occurrence was determined more by local inter- 
est in diagnosis than by the distribution of disease, 


Two strains of influenza virus were recovered from this outbreak. Both were sham 
to be B type viruses with an antigenic configuration 8 Bal, b3. These strains were 
more closely related to the Warner typve virus than to the Lee, and were indistinguish- 
able from B strains recovered during the winter of 19):9-1950 in the Far East Command. 


The second outbreak began in November 1952, when influenza appeared in Manila. 
Serologic confirmation of these initial cases was obtained in early December, at about 
the same time the clinical entity appeared on Okinawa and in Sasebo, Japan. The disease 
reached the Tokyo-Yokohama area in late December, and appears at present to be widely 
disseminated throughout the Command. Twenty-three of 45 patients tested as of 31 Decem- 
ber 1952 showed antibody rise to the A strains of influenza virus, with major response 
to the FW-1-50 (Cuppett) strain. Four transmissible hemagglutinating agents have been 
recovered from throat washings of acutely ill patients, These strains have been shown 
to be antigenically closely related to the FW-1-50 (Cuppett) strain of influenza virus. 
Influenza in the Far East would at this time appear to be similar to that seen at approx- 
imately the same time in other parts of the world. 


It is of interest to note that the route of spread of disease in both outbreaks fol- 
lowed the major air transportation lines, and that in each instance 2 months or more 
elapsed between the time the first clinical diagnosis was made south of the island of 
Honshu, Japan, and the appearance in the Japan-Korea axis. 


| RESEARCH: Japanese B Encephalitis - Natural History - That birds play some role 

ss Suk GARGESY: SIGCEy OE Vattney TF aiometteis exe been. ndesenved by Ghoienee shal 
sian, and American investigators (9, 10a, 10b, 11) put the nature of this role has never 
been conclusively presented. Hammon and McClure (12) demonstrated serun neutralizing 
substances to JBE virus in over 20 species of Japanese wild birds. Hammon and his asso- 
ciates (11, 13) described viremia in American chickens, English Sparrows, House Finches, 
and Tricolor Blackbirds following the subcutaneous inoculation of JBE virus but did not 
define the immune response of laboratory infected birds. Little continuity existed be- 
tween the experimental data and the information assembled from nature, and no interpre- 
tation of either findings could be made until conclusive evidence of naturally occurring 
bird infection could be demonstrated. To do this it would be necessary to have ready 
access to an avian species with a high incidence of serum protecting substances, under 
circumstances where the environmental ecology, particularly the mosquitoes, could be 
studied simultaneously. 


The Study Habitat: Shin Hama Imperial Duck Refuge is a sanctuary for 
wild water fowl siceted on Tokyo Bay, 10 miles east of central Tokyo. The closest con- 
centration of human habitations and farmyards is 1/2 mile away. Dense bamboo thickets, 
effectively serving as windbreaks and screens, surround a series of ponds within a 17 


acre area. During the spring and summer,the refuge abounds with nesting Black-crowned 


Night Herons (BCNH) Nycticorax nycticorax, Little Egrets (LE) Egretta garzetta, and 
Plumed Egrets (PE) Egretta intermedia, Literally thousands being concentrated in the 
bamboo thickets, often with less than 2 feet between individual nests. Of these 3 
species, only the BCNH had any extensive contact with JBE virus, as suggested by ser- 
ological survey. Puente [NPP ) of 54 BCNH captured in previous years had neutral- 
izing antibody to JBE virus « Twenty-one percent of PE had antibody, while serum 
neutralizing substances had never been demonstrated in LE, in spite of its close as- 
sociation with the other 2 species, 


Detection of Avian Viremia and Immunological Response of Birds to JBE 
Virus: Beginning 12 May 195? and continuing throushout the summer, nestling BCNH, LE, 
and PE were recovered, banded, and bled each week, These nestlings, less than ) weeks 
of age, were chosen because they were easily captured and bled, and because vrelimin- 
ary experiments with chickens suggested that the newly hatched bird developed viremia 
more readily than the more mature one. (See Japanese B Encephalitis, Experimental 
Infections in Birds). Bleedings were done in the field by teams having no contact | 
with laboratory virus on those days. Blood obtained from the jugular vein was inoc- 
ulated intracerebrally into 8-10 gm albino mice at the time of bleeding. Inoculated 
mice were returned to the laboratory and observed for signs of encephalitis. Trans- 
missible agents were presumptively identified by complement fixation tests. 


Birds serving as bait in mosquito traps (see below) were bled weekly during the 
time the traps were in operation. Blood so obtained was similarly inoculated into 
mice. All birds were tested for antibody to JBE virus before being placed in traps, 
and again in September. For the initial testing the capacity of plasma to neutralize 
320 LDgo of virus was determined by an intracerebral, single dilution, neutralization 
test. Post-season testing was quantitative, employing 3 virus dilutions. 


Mosquito Tranping: Bird-baited mosquito traps were operational in the 
habitat between 13 July and i _ ahaa 1952. To determine whether mosquitoes showed 
a preference for certain bird species, individual traps were baited with young egrets, 
herons or chickens. Trapped arthropods were collected, identified, and inoculated into 


mice daily. Transmissible agents were presumptively identified by complement fixation 
tests. 


From 13 July to 29 July 1952, two traps were in operation, one baited with BCNH 
and the other with LE. Six more traps were added on 29 July. The 8 traps were divi- 
ded into 2 groups of lh, arranged on the west sides of 2 arms of a bamboo thicket. 
Kach group was composed of 1 heron, 1 egret, 1 chicken, and 1 unbaited trap. Because 
by 12 August no mosquitoes had been recovered from the 2 unbaited traps, herons ( BCNH ) 
were placed in one, and egrets (LE) in the other. 


The daily yield of Culex tritaeniorhynchus from each trap was divided into multi- 
ple lots with a maximum of 34 In each lot. Mosquitoes were ground in phosphate saline 
buffered to pH 7.6, using 0.0 ce of diluent per mosquito. All emulsions were uniform 
with respect to concentration of mosquito tissue, which by this technique was approx- 
imately 10% by weight. A maximum of 10 mice were inoculated with each lots when mos- 
quito lot size was less than 10, the number of mice inoculated was equal to the number 
of mosquitoes. Collected Culex pipiens were emulsified in like concentrations, lot 
size was determined by the number recovered from each trap. All lots were inoculated 
within 6 hours of collection. 


Results 


Recov of Japanese B Encephalitis Virus from the Blood of Nestl Wild 
Birds - The Sabens and a or pasate oa the results of animal inoculation 
are indicated in Table VII. Virus was recovered 5 times from individual BCNH. Three 
of the 5 recovered strains produced signs of central nervous system disease and death 
in all of the originally inoculated mice; in the remaining 2 strains, specific mor- 
bidity was ohserved in 3 of 5, and of 5 of the mice receiving the original inoculum. 
All strains required a minimum of 3 mouse passages to reduce the incubation period to 
, days or less. Two of the 5 isolates were presumptively identified by the complement 


i 


fixation test with a brain antigen prepared from the originally inoculated mice, the 
remainder from mice of the first passage. Cross neutralization tests for more com- 
plete identification are now in progress. Three of the 5 wild caught herons from 
which virus was obtained were later recovered from their nests and brought to the 
laboratory. These 3 birds possessed circulating antibody protecting against creater 
than 3 logs of JBE virus 1 month after their viremia. 


It is of interest that the herons in this habitat were infected with JBE virus, 
and developed viremia while still in the nest. It has heen shown that experimental 
viremia is more readily induced in newly hatched chicks than in adult chickens, 

(See JBE, Experimental Infections in Birds following); viremia in fledgling herons 
then is consistent with this observation. Viremia in the heron population was not 
of sporadic occurrence throughout the summer, but rather was demonstrable only 
between 7 and 21 August. The peak of the fledgling pooulation, however, occurred 
at least four weeks earlier. Since the occurrence of viremia was not a function 
of bird population, it would appear that the birds acquired their infection froma 
vector having an interseasonal population variation. 


Table VII. Occurrence of Japanese B Encephalitis Virus in the Blood Of Nest- 
ling Wild Birds - Shin Hama, Tokyo, Japan, 1952. 


Date of et* / —~Black-crowned Night Heron Blood/ 
/Bleeding /Tested _JBE peed Recovered [Tested JBE Vras Recovered 
5 


May 12 0 h 0 
19 16 ) iP 

Jun 5 6 3) ly 0 

12 12 ) 8 0 

19 8 0 12 ) 

26 11 0 ) 0 

Jul 3 1g 0 ly 0 

11 10 0 6 0 

17 12 9) 6 0 

2h 13 ) 8 0 

31 5 ) 10 ) 

Aug 7 6 0 9 = 

6, ) 7 3 

21 10 ) 12 1 

26 8 0 11 0 

29 13 0 6 0 

Sep h 8 0 8 0 

152 iD 148 5 


* Includes Little Egret and Plumed Egret 


Recovery of Japanese B Encephalitis Virus From C. tritaeniorhynchus - Study 


of the mosquitoes in the habitat yielded significant observations with respect to: 


(1) The occurrence of bird biting mosquito species and the population 
changes. 


(2) The related occurrence of JBE virus in mosquitoes and birds in the 
same habitat. 


(3) The difference between bird species in their attractiveness to 
mosquitoes. 


“ee 


Bird-baited mosquito traps were in operation between 13 July and 1) September of 
1952. Mosquitoes recovered were practically limited to 2 species, C. pipiens and 
C. tre pacntortynens: and were for the most part engorged females. Figure 1 summar- 
Tses servations made of C. tritaeniorhynchus collected from heron (BCNH), egret 
(LE) = chicken-baited traps. It would appear t a marked increase in the adult 
Cc. po tent orhypemus population occurred about 21 July and probably was sustained at 
a high level un about 13 August. The population of C. pipiens appeared to be 
waning during the first 2 weeks of the collection period, and almost none were recov- 
ered after 1 August. These observations correlate with data panei g in 19h)9, 1950, 
and 1951 when mosquito collections were made on a much larger scale 17), 


Between 2 August and 16 August virus was recovered 12 times from C. tritaenior- 
hynchus found in heron baited traps, and once from the same species found in egret 
baited traps. Since avian viremia was detected only between 6 and 21 August the 
recovery of virus from mosquitoes and birds was almost simultaneous. No virus was 
recovered from C. pipiens. 


It is important to note (Figure 1) that during the period of its maximal density, 

C. tritaeniorhynchus exhibited distinct feeding preferences with respect to the 3 avian 
Species Servis aa bait. This mosquito was recovered most frequently from heron (BCNH) 
baited traps; aiat greatest numbers were obtained from traps baited with egrets (LE), 
while no C. tritaeniorhynchus were recovered from chicken baited traps. This latter 
observation may in part be explained by the avidity and skill with which the chickens 
ate mosquitoes placed in their trap as a test. However, the failure of the chickens 
to develop viremia or antibody under the circumstances of the experiment (see below) 
suggests that chickens neither attracted, nor were bitten by infected mosquitoes, 
although herons (BCNH) a few feet away were. These preliminary observations suggest 
that the preferential biting habits of C. peeeen stances may determine the distri- 
bution of antibody in various species of birds and may explain why some invest- 

egts hat) failed to demonstrate antibody in Japanese, Korean, and Okinawan chickens 
( . Similarly, when C. pipiens were being collected, more were recovered 
onte id - than from Se sechaTeah - traps. 


_ Recovery of Japanese B encopresis Virus from Bait Trap Birds, and Their 
Immunological Response to ection - The opportunity to demonstrate the transmission 
re) virus naturally ected mosquitoes prompted the weekly bleeding of bait 
trap birds for viremia, Table VIII illustrates the temporal relationship between 
the occurrence of viremia in a heron and the recovery of infected mosquitoes from the 
same trap. Infected mosquitoes were collected from Heron Trap 2 on 2, 5, 9, 13, and 
14 August. The heron (#8327) was estimated to be approximately 15 days old on 
29 Jul 52 when captured and caged. Serum drawn on 1 August 1952 neutralized less 
than 2.0 logs LDcm of JBE virus. Blood drawn on 21 August contained JBE virus, while 
3 weekly bleedings prior to this date, and 2 following, did not. Serum drawn 22 Sep- 
tember from this bird neutralized 2.5 logs LDeg of virus. 


While this observation was not made under controlled conditions of laboratory 
experiment, examination of the circumstances suggests that the only likely source of 
infection for this bird was the mosquito attracted to it. Transmission by other 
biting arthropods or endoparasites cannot be ruled out although no biting insects 
other than mosquitoes were recovered from the trap during its operation. The possi- 
bility of infection before caging cannot be ruled out on the basis of a neutraliza- 
tion test, since antibody response of birds to experimental infection may be delayed. 
(See JBE Experimental Infection in Birds). However, Heron #8327 was caged at least 
15 days without having demonstrable viremia. This is longer than the maximal incu- 
bation period for experimental infections in the bird species thus far tested. Thus 
it is reasonable to assume that mosquitoes were the source of Heron #8327's infec- 
tion. 


Table IX summarizes the occurrence of antibody on 1 August 1952 and 22 Septem- 
ber 1952 in those birds serving as bait throughout the 2-week period during which 
virus was recovered from mosquitoes (2 August through 16 August). 
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° ° Little if any antibody was present in the serum 
of these birds when they were placed in the traps. The 


Q 
% ro) exception was a young plumed egret, #8322, whose serum 
protected 6 of 7 mice against 320 LDso of JBE virus in 
b ro) a single test. Serum from the remaining birds failed 
to protect any of six mice against the same dose of 
9 ro) ro) virus. Of particular importance is the development 
of antibody during the course of the season in all of 
wy ro) the BCNH, and the failure of either egrets or chickens 
to do so, This occurrence of antibody correlates well 
@ x ro) with the almost exclusive recovery of infected mosqui- 
re) toes from heron baited traps and would strengthen the 
s ma} o assumption that Heron #8327 was infected by mosquito 
, bite. Together, these two observations suggest that | 
4 n O the neutralizing substances to JBE virus in avian sera 
Bd is can be interpreted as evidence of previous exposure to 
” er de virus, and possibly previous viremia. 
3 N 
5 of o 
L ids Discussion 
? a} oO 
3 ai Practical knowledge of the epidemiology of an 
a 00 ro} arthropod-borne disease depends upon the demonstration 
ie. of relationships between reservoir and man through a 
& ~é oO vector, The explosive seasonal and geographic distri- 
et bution of epidemics of encephalitis in Japan was res- 
Oo oO ponsible for the early concept of an arthropod vector 
z e for JBE virus. The recovery of JBE virus from C. tri- 
nal ee tee taeniorhynchus, the association of the infectivity and 
8 qt prevalence of this mosquito with the occurrence of 
= ye oO human and animal infection, and the failure to recover 
3 virus from any other mosquito indicate its importance 
si fs os as a vector, However, no satisfactory explanation for 
ee ot + the source of infection for the mosquitoes has been 
12 ea o advanced, 
Of es o 
Bs . The recovery of JBE virus from the blood of the 
ge Ja BCNH demonstrates for the first time a host in which 
i ta o oO natural infection is manifested by large amounts of 
+ 4 blood borne virus. C. tritaeniorhynchus was feeding 
i iff on this host at a time when both cirecletine virus 
‘es in the bird and infection in the mosquito population 
S. 00. ° were readily demonstrable. While infected birds may 
9 a, me - constitute a major source of mosquito infection at 
+ the peak of the mosquito population, they cannot 
= Ne) ro) serve as a year-round host for the virus, for viremia, 
% vet its when it occurs, is transient and followed by the de- 
a. velopment of antibody. Irrespective of the importance 
_d ~t ro) of birds to the survival of virus in nature, they are 
Q ie isn capable of producing a large pool of virus readily 
fe) available to mosquitoes and may well serve as spring- 
2 a} + boards to increase the absolute amount of virus in 
a nature. It remains to be shown that birds are the 
ce s co) only vertebrates capable of acting as intermediary 
hosts during the summer months. A winter host for 
Hi Hi oo ° the virus is unknown. C. tritaeniorhynchus and bird 
i S endo- and ectoparasites deserve further study to 
° determine their potentialities in this role. 
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Table IX. Neutralizing Antibody to Japanese B Encephalitis Virus in 
Bait Trap Birds - Shin Hama, 1952 


Qualitative Quantitative 
Bird Neutralization Neutralization 
Bird Species Number 1 Aug 52 22 Sep 52 
Black-crowned Night Heron 
(BCNH) 8276 < 2.0 logs 203 logs - 
8308 < 2.0 logs 3.1 logs 
8327% < 2.0 logs 2.5 logs 
8331 < 2.0 logs 2.7 logs 
Egrets (LE) 8323 < 2.0 logs < 0.5 logs 
¥ 8293 N.T. < 0.7 logs 
8309 < 2.0 logs < 0.7 logs 
( PE) 8322 > 3.0 logs 0.7 logs 
Chickens 155 < 2.0 logs 1.0 logs 
157 < 2.0 logs < 0.4 logs 
161 < 2.0 logs 0.8 logs 
170 < 2.0 logs < 0.6 logs 


* Viremia, JBE virus demonstrated 21 Aug 52 


Japanese B Encephalitis: epee eentae Infection in Birds - The response of 
several bird species to experimenta ection with JBE virus was studied to help guide 
and interpret the field studies reported in the foregoing section. Previously Hammon 
(11) demonstrated viremia of low titer in 5 of 8 two-to-three month old chickens inoc- 
ulated iwubcutaneously with small doses of JBE virus and again (13) in 3 of 12 four-month 
old chickens. He was able to demonstrate little if any viremia in similarly inoculated 
English Sparrows, whereas House Finches and Tricolor Redwinged Blackbirds developed 
high titered viremia lasting several days. While only limited attempts were made to 
study the serological response of experimentally infected birds in Hammon's series, 
his data suggests that many birds, including some with viremia, had no neutralizing 
antibody when tested 15 to 30 days after inoculation. Kobayashi et al (19), inocula- 
ting large doses of JBE virus subcutaneously, were able to demonstrate little if any 
circulating virus in 10 species of Japanese wild birds, including the Black-crowned 
Night Heron and Teal, except for a short period immediately following inoculation. 

This was also their experience with 5 adult chickens. In Kobayashi's series neutral- 
izing antibody appeared in the majority of inoculated birds in "3 weeks or later." 
Hammon and Kobayashi drew opposite conclusions from their respective data regarding 

the possibility of wild birds serving as reservoirs of virus in nature. Itoh et al (20) 
showed that neutralizing antibody to JBE virus experimentally induced in chickens per- 
sisted more than 6 months and concluded that if chickens were infected in nature, anti- 
body would have been found in serum surveys of Japanese chickens, The absence of nat- 
urally occurring antibody in chickens may have explanations other than that of suscent- 
ibility, since a preliminary study of preferential biting habits of the mosquito vector 
has suggested that C. tritaeniorhynchus is not attracted to chickens. 


The experimental studies to be reported here were designed vrimarily to test the 
importance of bird species, bird age, and dose of virus as variables influencing bird 
infections to determine the periods of incubation, the durations, and the magnitudes 
of viremia in experimental inoculated species; and to determine the pattern of antibody 
response following inoculation. 
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Methods 


Because the chicken represented a readily available and otherwise suitable bird 
for laboratory study, it was chosen for preliminary and more detailed observations. 
All chickens and chicks employed were white Japanese leghorns of the same stock. Five 
wild bird species (BCNH, Blue Magpie, Little Egret, Grey Starling, and Teal) were 
maintained in an outdoor aviary and used to study species variation after techniques 
had been established by chicken experiment. The problems of maintaining wild birds 
in captivity are discussed below under the heading "Ornithology". 


JBE virus employed for inoculation and antibody assay was a strain isolated in 
1951 from a pool of C. tritaeniorhynchus (E 311). Seventh to 12th mouse passage 
virus was used, With the exception of those few instances where an intravenous route 
was chosen, all birds were inoculated subcutaneously over the right pectoral muscles. 
Doses ranged from 3 to 80,000 mouse LDso9; all inocula were titrated in mice immediately 
after bird inoculation. The methods of bleeding and detection of viremia were essen- 
tially those described in the preceding section. Blood was drawn from jugular or wing 
veins, into heparinized syringes, and was inoculated intracerebrally into 8-10 gm al- 
bino mice. Uninoculated blood was diluted to 10-1 in 10% skim milk (pH 8.3), frozen, 
and titrated in mice when virus was demonstrated in undiluted blood. Bleedings were 
performed on each bird daily or every other day after inoculation for 2 to 3 weeks. 
Criteria for the presence of experimentally induced viremia included: 


(1) Central nervous system signs in inoculated mice after reasonable 
incubation periods (3-10 days). 


(2) Death after a reasonable and similar incubation period of at least 
3 of 5 mice inoculated with undiluted blood. 


Confirmatory evidence was the appearance of antibody in the bird. In some cases pas- 
sage and/or identification of the agent by complement fixation test was necessary. 


Intracerebral neutralization tests were performed with 3 virus dilutions where 
possible. Plasma was tested after it was determined that heparinization did not in- 


fluence titers. Criteria for the interpretation of the quantitative neutralization 
test were as follows: 


(1) Positive - more than 1.7 logs of virus neutralized. 

(2) Equivocal - 1.0 to 1.7 logs of virus neutralized. 

(3) Negative - less than 1.0 logs of virus neutralized. 
For smaller birds, where exsanguination was to be avoided, single dilution neutraliza- 
tion tests were employed testing against 1.5 to 2.0 log LDSo of virus. Criteria for 
the interpretation of the qualitative single dilution test were as follows: 


(1) Positive - at least of 5 mice inoculated with virus-plasma 
mixture survive. 


(2) Equivocal - less than ) of 5 mice so inoculated either die 
or survive. 


(3) Negative - at least of 5 mice die. 


Results 


Experimental Infection in Chickens - Tables X and XI present the results of inoc- 
ulation of adult chickens and chicks. Only 1 of 19 chickens sustained viremia follow- 
ing inoculation of 10 to 5,000 mouse LDSo doses of JBE virus. This 6-month old chicken, 
5 days after subcutaneous inoculation of 10 LDSo of virus, developed low titer viremia 
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which persisted 3 to days. Eight of 19 chickens inoculated either intravenously or 
subcutaneously with ten to 5,000 LDco doses had significant amounts of serum neutral- 
izing antibody lh to 8 weeks postinoculation,. 


In marked contrast were the cbservations made with chicks (Table XI). Of 96 
chicks from 3 to 21 days of age, 75 developed readily detectable viremia. The occur- 
rence, duration, and magnitude of viremia was indenendent of the dose of inoculum, The 
only observable effect massive inoculation had was to decrease the interval between 
inoculation and onset of viremia, Viremia began 3 to 8 hours after inoculation, lasted 
5 to 6 days, and reached its peak 3 to 4 days after inoculation, when specific mortality 
was observed in mice inoculated with up to 10-3 dilutions of chick blood. 


The antibody response was universal only in chicks develcping viremia, Neutraliz- 
ing antibody (2 log LDep of protection) made its appearance from 3 to 8 weeks after in- 
oculation. This late appearance of antibody in chicks following viremia should be con- 
sidered in interpreting the presence or absence of antibody in single specimens of bird 
serae 


An interesting observation, the significance of which is not yet clear, was made 
with those chicks (12%) failing to develop viremia. Seven of 5 chicks tested for anti- 
body before inoculation by the qualitative test (Table XI) had positive (3) or equiv- 
ocal (l) evidence of some serum neutralizing substance to JBE virus. Not shown in the 
table is that these same chicks failed to develop viremia. This observation, made on 
hk separate occasions (experiments #1, 3, RB, and 5) raises some interesting questions. 
Are these neutralizing substances specific antibody? Do they represent antibody pas- 
sively acquired from immune hens or actively acquired in ovo? Do they persist? Does 
the associated "immunity" persist? Further experiments aré in progress to more clearly 
determine the nature of these neutralizing substances, 


The delay in the appearance of neutralizing antibody in inoculated chicks raised 
the question of whether immunity could exist in the absence of detectable antibody. In 
experiment 4A chicks were reinoculated during the period following viremia when anti- 
body was still not detectable. Chicks in Experiment B served as controls of the same 
brood. Table XII summarizes the results of this experiment. The majority of chicks 
in Experiment A did not develop detectable levels of neutralizing antibody until more 
than 8 weeks after primary inoculation (see Table XI). It will be seen from Table XII 
that these chicks had a definite immunity to challenge 18 days after primary inocvula- 
tion. Control chicks of Experiment lB developed readily detectable viremia when inoc- 
ulated at 3 weeks of age suggesting further that at least during the first 3 weeks of 
life age does nct influence the susceptibility of chicks to the development of viremia. 
It is of some interest that although inoculated chicks during the veriod of viremia 
were caged together with uninoculated controls, the uninoculated birds failed to show 
viremia at l days, or immunity to challenge 3 weeks later. This suggests that birds, 
as well as mammals, acquire natural infection parenterally. 


The relative sensitivities of the chick and mouse to infection was determined by 

parallel titrations of virus in 5-day old chicks and 8-10 gm mice, The same volume 

and dilution of inocula were given to mice intracerebrally and to chicks intravenously. 
Chicks were bled for viremia and mice were followed as with a standard virus titration. 
Table XIII shows the results of two such experiments. It will be seen that the sensi- 
tivity of chicks to intravenous inoculation of virus as evidenced by viremia is approx- 
imately the same as mouse sensitivity to intracerebral inoculation as evidenced by 
disease and mortality. 


An attempt was made to determine the site of virus proliferation in the chick. In 
this experiment chicks were exsanguinated 3 and 5 days after inoculation and blood, in- 
testine, spleen, and brain were titrated for infectivity. The 3rd and 5th days were 
chosen because virus titers in the blood could be expected to be increasing and dimin- 
ishing on these days respectively. The intestine was chosen because of the predilection 
of another neurotropic virus, poliomyelitis, for this site; and the brain as the obvious 
organ of virus proliferation in mammalian JRE virus disease. As will be seen in Table 
XIV virus was detectable on the 3rd day in blood only. The possibility that virus was 
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Table XII. Experimentally Infected Chicks, Resistance to Challenge 
Inoculation 


INOCULATION 


Primary-Chicks Age 3 Days Secondary-Chicks Age 21 Days 
Experiment JBE Dose SQ Viremia th Day _ JBE Dose SQ Viremia lth Day 
Chick kA 3.2 LD 7/10 7.9 LD5o 0/10 
Chick LB none 0/9 7.9 LDso 7/9 


Table XIII. Sensitivity of Mouse and Chick to Infection with JBE Virus 
Dilution JBE Virus Inoculated 


Experiment Number 10 19-7 1078 1979 19710 
TA 
Chick Viremia 2/2 2/2 1/1 O/1 NT 
Mouse Mortality S/S S/5 = afs ars NT 
TB 
Chick Viremia NT 1/3 o/y O/k 0/2 
Mouse Mortality c/s S/S. O/S ass NT 
* Not Tested 


present in high titer in such organs as liver, skin, lung, muscle or kidney remains 
to be determined, but the absence of virus in spleen, brain, and intestine at a time 
when it was readily titratable in the blood may indicate that the primary site of 
virus proliferation in the chick is the blood or blood forming tissues. On the 5th 
day virus was still readily detected in blood, and at this time made its appearance 
in titers as high and higher in the spleen, being again absent in brain and in intes- 
tinal mucosa. The apparent late concentration of virus in the spleen may be due to 
sequestration of cells containing the virus, 


Experimental Infection in Japanese Wild Birds - Table XV summarizes the results 
of a ortentr inoculation of ta birds. Fifty-two birds of 5 different species 
ranging from 6 weeks to greater than 18 months of age were inoculated subcutaneously 
with doses of 5 to 600 LDS50 of JBE virus. Preinoculation qualitative neutralization 
tests were in all instances negative, Detection of viremia was attempted from blood 
obtained 1,3,5,7,9,11,13 and 16 days after inoculation. Viremia was established in 
6 of 19 Gray Starlings (Group IA, IB, II and III) and 1 of 5 Teal; the remaining 5 
birds failed to show viremia, and except for one BCNH, failed to develop antibody 
4 to 8 weeks after inoculation. The viremia in Starlings and Teal began later than 
in the chick, appearing 5 to 7 days after inoculation. Duration of viremia was 
highly variable, ranging from less than 3, to more than 8 days. Of 7 Starlings in 
Group 1A only the 2 showing viremia subsequently developed antibody. This antibody 
persisted for more than 8 months, Starlings in Groups IB, II, and III are currently 
under study for the development of antibody. 


Of particular interest is the viremia shown in cne Starling (Group IB). This 
bird had originally been given 5 LDcg of JBE virus, and had failed to show either 
viremia or antibody response, although 2 other birds in the same series did. Inoc- 
ulation with a second small dose (10 LN 50) 6 months after the first produced viremia 
which began 5 days after inoculation, a persisted longer than 8 days. This would 
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oO a oo oS 8 8 8 develop viremia was not indicative of 
absolute refractoriness to infection, 

ey SY ae ay and further suggests that inoculating 

EIS CR ae = Eg, See Se in multiple small doses as probably 
occurs in nature, would perhaps have 

F-MmWMMNaAaA Nw a considerably increased the number of 
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oo 8 Oo HH Oo OC "takes" in the experimentally inocula- 
ted birds. 


Viremia, when detected, was always 
of low titer. The majority of mice in- 
oculated with undiluted blood succumbed 


EA. > ~ S 2 S$ $ = to infection but virus was not detect- 
ee able in 10-1 dilutions. “It should be 
if noted that viremia was demonstrated in 

x S S$ S $ $ S 3 Starlings and Teal over one year in 
ga age and that contrary to findings in 
a chicks and chickens, age did not appear 
| % = ee a A ae, an important variable in these limited 
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a experiments. 

= ae : f ’ y ’ a One might be tempted, as were 

3 Kobayashi et al (19), to conclude 


from the failure to induce experimen- 
tal viremia regularly in presumably 
susceptible wild birds that these 
hosts could not be significant natural 
reservoirs of infection. It has al- 
ready been shown, however, that both 
juvenile and adult BCNH and Blue Mag- 
pies acquire antibodies naturally in 
a high percentage of instances (12), 
Indeed (see "Natural History JBE," 
preceding section) JBE virus has been 
isolated from the blood of naturally 
infected nestling herons (BCNH). It 
would appear that certain variables 
may have been responsible for the ap- 
parent differences between natural 
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MOUSE MORTALITY BY DILUTION OF CHICK ORGAN INOCULATED 


Titration of Chick Organs for Virus Content 


Leal Mouse mortality considered specific 


eee OM ee SD and experimental infections. Ques- 
“ ee a tions which might be asked include 
B the following. 
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4 Mr les cies eee. le (1) Does captivity with its 
a 8 artificial diet alter the susceptibil- 
Fs ity of wild birds to infection? 
198 «gga |0 © 
(2) Is subcutaneous inocula- 
— tion inferior to intracutaneous inoc- 
ee TL LLL a LO ulation? 
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(3) Would mitiple small dose 
inocula increase the number of exper- 
imentally induced infections? 
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& ere ge ee (4) Does concurrent avian dis- 
2 ease, such as blood or intestinal par- 
asitism, influence the development and 
duration of viremia? 
oe 224 6 8 
& ~ SF eS 
- 33 - 


SS eg) i ee 


Se Se A a 


“GUTS puodes B pozxeTNoOOUT 4nq YI se GUeS OIE AY Sup os 


*UOTZETNOOUT J64ze BABP OT pue ET*TT*E*L*S*E poeysey wyWoITA 
*Teooatnbe = ( ) eatqegttend ere suoyyezrTTeryneNy *pe_se, requmu/eatytscod sequny » 


2/o S/o G/t S/o oT week T < S (2TapV) Tee], 
III (4T™pv) 
L/€ 2/0 oT ByquCU 9 ¢ Z SupTszeyg Aerp 
Ir (4Tapv) 
C/o S/o oT reek T< ¢ Fayl reg Leap 
sefl (4TUpv) 
L/T 9/(z) oT syzuom gt < L BupT1H4g Avr 
WI (4TNpY) 
AC) L/t L/2 L/z L/o G reek T< lL BupTieig ABIN 
(4Tapy) 
2/0 2/0 z/o 2/0 oT qeok [ ¢ FA $019 S134 T1 
(®TPueang ) 
6/0 6/0 6/0 6/0 OT  syeom Q-z 6 qO13% CTI TT 
(4Tape) 
2/0 2/0 2/0 009 reek T Zz etdveq entg 
(©Ttaeane) 
OT/o ot/o OT/o 009 syoom 9 ot eydzeq entd 
suolay WPT 
¢/t G/T ¢/o C/o oT syeeag  . peumor0-yoB Tg 
ed0uF ora oSar oBy “on 
a esnoy 
Uy es0q 


SPITH PITM UT WOTZoosUT Texuempuedxy AK STAR 


- 3h - 


Japanese B Encephalitis: EE ie Infection in wosquitess ~ The literature 
of the experimental transmission o virus mosquitoes has been reviewed by 
Hammon et a} (21), Transmission to suckling mice by mosquitoes force fed on blood- 
virus suspensions has been accomplished with at least 17 different mosquito species 
by Japanese and American investigators. Of the few experiments designed to infect 
mosquitoes by feeding them on infected vertebrate hosts, a11 but one employed the 
suckling mouse as a source of virus. One investigator (22) reported a single 
successful transmission from chicken to suckling mouse using C. tritaeniorhynchus, 
but failed te include any data with the report. Search of the iTeavetuce isola 
no report of an attempt to transmit virus from bird to bird with any mosquito species. 
Evidence of bird to bird transmission in nature was presented in Section A but was 
necessarily circumstantial. It seemed desirable to establish the possibility of a 
bird-mesquito-bird virus cycle by laboratory experiment. The ensuing report des- 
cribes 2 successful bird to mosquite to bird transmissions, some puzzling collateral 
observations, and some convenient techniques for the "natural" infection of mosqui- 
toes and the study of mosquito infectivities and transmission potentials. This work 
was undertaken with the cooperation of the Department of Entomology; details of 
mosquito rearing, maintenance and feeding will be found in the report of that depart- 
ment. Although C. tritaeniorhynchus for obvious reasons was the mosquito species of 
choice for study, the problems of maintaining this mosquito in an indoor insectory 
have thus far proven insurmountable. C. pipiens var pallens was more readily main- 
tained and was used exclusively in the “fof leatne studies, 


Methods 


Previous work with experimental viremia in birds following subcutaneous inocula~ 
tion of small amounts of virus (see preceding section) suggested the chick as an ideal 
laboratory host for virus in mosquito transmission experiments, Eighty-five percent 
of a given group of baby chicks less than 3 weeks of age could be expected to have 
viremia on the 3rd and 4th days following inoculation of as little as 5 mouse LDep of 
virus. Circulating virus in the chick host could be titrated readily at the time of 
mosquito feeding, and the quantity of mosquito ingested virus could be calculated from 
the volume of the mosquito blood meal (approximately .002 cc. - See Entomology Sec- 
tion). Susceptible chicks exposed to infected mosquitoes could be bled daily for the 
detection of circulating virus and saved for confirmatory demonstration of antibody 
response. In these respects the chick appeared to be a much more convenient host 
than the suckling mouse. 


The basic plan of the transmission experiment was to inoculate several presumably 
susceptible chicks with 100 LDso of JBE virus. On the night of the 3rd day following 
inoculation, these chicks were caged individually with 100 hungry female C. pipiens 
for a period of 8-12 hours. Chicks were bled before and after proferred foci a 
their blood titrated in mice for virus content. The mean virus titer for each chick 
was considered an estimate of the virus content of chick blood at the time of mosquito 
feeding. C. pipiens, found unengorged after the feeding period, were discarded and 
the remainder maintained in separate groups at an average temperature of 80°F and a 
relative humidity of 70%. After the presence of viremia was established in chick 
hosts, mosquitoes engorged on blood containing virus were pooled. Those engorged on 
chicks which did not show viremia were discarded. Mosquitoes were titrated pericd- 
ically for virus content (usually in lots of ten) and/or used for attempts at trans- 
mission to susceptible chicks at 7, li, and 21 days after the initial feeding. 


Results 


The yield of mosquitoes feeding for the first time on infected chicks was never 
greater than 50%, and was ususlly closer to 30%. Six experiments failed at the out- 


set either because mosquitoes failed to feed, or suffered high mortality; such failures 


were usually attributable to poor temperature or humidity control. One experiment 
failed because chicks did not develop detectable viremia at the expected time. In 3 
experiments mosquitoes ingested an infected blood meal and survived in numbers avpro- 
priate for study. These will be discussed as Experiment Nos. 1, 3, and 9. 


awe< 


In Experiment 1, normal eight day chicks were caged overnight with mosquitoes 
infected 7, 1), and 21 days before with 8-20 mouse LD5SO of JBE virus. The following 
morning, the numbers of infected mosquitoes feeding upon each chick were recorded, 
and the chicks bitten by infected mosquitoes were bled daily for viremia. In this 
experiment, transmission of infection from chick to chick was successful in two in- 
stances after extrinsic incubation in the mosquito for seven days (Table XVI). Trans- 
mission was by 5 mosquitoes in each instance. Because of bacterial contamination, 
titration of the infectivity of the mosquitoes at the time of transmission was not 
possible. The blood of the chicks to which infection was transmitted, drawn 3 and 
days after exposure, produced specific illness in all originally inoculated mice, and 
an antigen prepared from the brains of first passage mice fixed complement specific- 
ally with JBE immme serum, Only those chicks showing viremia after exposure to 
infected mosquitoes in this experiment subsequently developed significant antibody 
titers. Transmission was not accomplished after extrinsic incubation periods of 1) 
or 21 days. 


In Experiment 3, although transmission was not effected at either 7 or lh days, 
proof of active proliferation of virus in the mosquito following infection was obtained. 
Lots of mosquitoes, previously infected with 16 mouse LDeo of JBE virus, were emulsi- 
fied as a 10% suspension in 10% whole skim milk (pH 8.3). These emulsions were then 
titrated for infectivity 1, 7, and 1h days after the mosquitoes obtained an infected 
blood meal, The virus content per mosquito rose from a level of about 10 mouse LD 
2h hours after feeding to approximately 1300 mouse LDsp at 7 days. where it was main- 
tained through the lth day. Curiously, despite the high titer of virus in the mos- 
quito, transmission to chicks was not accomplished in this Experiment (Table XVI). 
Virus was not recovered from the eggs deposited by these mosquitoes 1) days after 
their infection, even though virus was demonstrated on high titer in the mosquitoes, 
Aliquots of the eggs failed to hatch, and may not have been viable. The possibility 
that infection may influence mosquite fertility deserves further investigation. 


In Experiment 9, mosquitoes which had fed on chicks with viremia were titrated 
for virus in lots of 10 at 3-day intervals through the 21st day. No attempt at trans- 
mission to chicks was made. The average virus titer in the blood of chick hosts at 
time of feeding was 1.7 to 2.0 logs. Assuming a 2 mgm blood meal, mosquitoes in this 
experiment ingested 5-10 mouse LDsg of JBE virus, No virus was recovered from any 
mosquito lot processed from the lst through the 21st day after feeding. It is clear 
that infection does not always follow the ingestion of virus by mosquitoes. 


Interpretation of these 3 experiments is necessarily limited. It would seem 
from experiments 1 and 3 that the mosquito virus content per se bore little direct 
relationship to the ability of the mosquito to transmit infection. Furthermore, from 
Experiments 3 and 9, it will be seen that proliferation of the virus in the mosquito 
is not a function of exposure to virus alone, for, although the ingested dose was 
comparable, the virus content of mosquitoes on both 7th and 1th day in these 2 exper- 
iments was markedly different. It is clear that poorly controlled and not yet clearly 
defined variables may be of importance in influencing the infectability and transmis- 
sion potentials of mosquitoes. Temperature and humidity were not rigidly enough con- 
trolled and may be the important variables. 


The Hemagglutination Inhibition Test Applied to the Serodiagnosis of Japanese B 
sneephalreis = Ta the original publication aeseTIbIng the characteristics of the hem- 
aggiu associated with JBE virus, preliminary efforts to apply 335 phenomenon to 
the serodiagnosis of human Japanese B encephalitis were described (23), The influence 
of hydrogen-ion concentration upon the activity of the hemagglutinin required careful 
maintenance of optimal pH in the serological system. "Normal" inhibiting substances 
found in human serum devoid of neutralizing antibody had to be removed. Simple extrac- 
tion of the serum with chloroform was shown to effectively remove or reduce "normal 
inhibitors" so that increases in specific hemagglutination inhibiting antibody could 
be demonstrated during the course of illness. The number of observations described 
was inadequate to correlate agglutination inhibiting antibody with neutralizing and 
complement fixing antibody, and test methods were not standardized. The present work 


ee 


S was undertaken to evaluate the usefulness 
of the HAI test for the sero-diagnosis of 
human encephalitis by a uniform test tech- 


Trans-— 
mission 


° nique and to obtain, if possible, adequate 
& data to make the necessary correlations be- 
3 ; | ee tween antibodies measured by the HAI and 
o z's standard techniques. 
qj 2* 


Method 


Serum from patients hospitalized with 

nonbacterial infections of the central ner- 
E vous system in the Far East Command during 
the summer and fall of 1952 were used for 
this study. Paired or serial sera from such 
patients were assayed for antibody to JBE 
virus by the standard neutralization test (1), 
the complement fixation (C.F.) test 
the hemagglutination inhibition (HAI) test. 
Each type of test was done by a different 
group of technicians. Laboratory confirma- 
tion of JBE was reported only on the basis 
of the two standard procedures (Routine- 
Japanese B Encephalitis, preceding in this 
report). 


Preparation of the Hemagglutinatin 
Antigen - Antigen was prepared by a pro- 
famine precipitation method (2h) from 
mouse brains infected with JBE virus, The 
Nakayama strain of JBE virus, 3 vassages re- 
moved from that employed in the original 
work in Cincinnati, was used. Brains of 
living infected mice were harvested asepti- 
cally at a time when at least 20% of the 
total inoculated group had died. These 
brains were washed free of blood in cold 
saline, ground with Alundum as a 20% sus- 
pension in saline, and refrigerated. After 
extraction at °C for 3 to h hours, the sus- 
pension was centrifuged at °C (International 
Pr-l refrigerated centrifuge) at ae rpm 
for 20 minutes. 


The resulting supernatant was cleared 
of smaller tissue aggregates by adding 5 mgm 
of dry protamine sulfate to each ml, and 
gently agitating this mixture in the refrig- 
erator for 30 minutes. The precipitated 
protein was removed by centrifugation at 
3500 rpm for 10 minutes. To remove the ex- 
cess protamine sulfate 2 mgm of dry heparin 
Q was added to each ml of supernatant and the 
mixture gently agitated in the cold for 30 

a minutes. The protamine-heparin comolex 

‘o thus formed was sedimented at 3500 rpm for 
10 minutes, The resulting clear pink super- 
natant constituted the hemagglutinating anti- 
gen. If the final supernatant was not com- 
pletely transparent, an additional 0.5 mgm 
of heparin was added for each ml. and the 

4 roa mixture agitated and centrifu uged as before. 

All antigens were stored at °C until used. 
No attempt was made to render them non- 
infectious for mice. 
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Dose Ingested 
8-20 LD 50 


The He lutination and Hemagglutination Inhibition Test - With certain excep- 
tions’, titrges ns 0 emagg lu are made @ same manner as those for influ- 
enza virus (25), In the titration of the JBE antigen, roundbottomed Wasserman tubes, 
with a more shallow bowl are substituted for the more steeply sloped Kahn tubes. The 
influence of pH upon the JBE hemagglutinin requires that all diluents used in the ser- 
ological test be buffered to pH 6.3-6.5. M/100 phosphate saline is used in place of 
normal saline. Chick cell suspensions (0.25%) are substituted for 0.5% Human 0 cells. 
To avoid the influence of heavy metals on the hemagglutination ohenomenon, and to min- 
imize pH changes resulting from incomplete rinsing, all glassware is chemically clean, 
and preferably sterile. 


The purified 20% mouse brain suspension is considered a 1/5 dilution of hemagglu- 
tinin, and is titrated as influenza viruses are, dilutions and volumes employed being 
identical. The less concentrated cell suspension allows agglutination endpoints to be 
read without difficulty; the unit of JBE hemagglutinin is calculated in the same manner 
as that for influenza virus. 


The HAI test measures the capacity of a serum, freed of normal inhibitor, to pre- 
vent the agglutination of chick red cells by k units of hemagglutinin. Four tenths 
cubic centimeter of serum, previously heated at 56°C for 30 minutes, is shaken vigor- 
ously for 5 minutes with 2.0 cc of reagent chloroform in corked Kahn tubes, The mix- 
ture is then centrifuged at 3000 rpm for 60 minutes to separate the extracted serum 
from the denatured protein and chloroform. The treated serum is diluted 1/10 with 
2 parts of M/100 hydrochloric acid and 7 parts of buffered saline; the pH of the re- 
sultant mixture usually falls between 6.2 and 6.7. The 1/10 serum dilution is further 
diluted in buffered saline in 2-fold steps and 0.25 cc amounts to 1/5120. Four units 
of hemagglutinin contained in a 0.25 ml volume are added to each tube, and the mixture 
shaken, Immediately 0.5 cc of the chick cell suspension is added. Serum inhibition © 
endpoints are read after complete sedimentation of cells, and are taken as the last 
dilution completely inhibiting units of hemagglutinin. 


Results 


HAI, CF, and neutralization tests were performed on two series of patients with 
encephalitis. Paired or serial serum samples, of adequate volume for testing by ml- 
tiple techniques, were available from 22 patients proven to have had JBE in 1952, 
Sera from these patients are tabulated as Series I (Tables XVII, XVIII, and XIX). 
Comparable sera from 25 patients suspected of encephalitis during its seasonal occur- 
rence, but proven not to be JBE by neutralization test (Table III) were tested as 
Series II. 


Summarized in tabular form are the relationships between antibody to JBE virus 
measured by the 3 test techniques in these 2 series of vatients. Table XVII plots the 
number of individual sera with a given HAI titer against their capacity to neutralize 
JBE virus, It will be seen that HAI titers of 1/160 or greater were found in 2 of 
54 sera (22 patients) cavable of neutralizing 2 or more log LDcg's of virus. The 
antibody titer was 1/80 or less in the 12 remaining sera in Series I; ten of these 
were drawn before the 10th day of disease from patients who subsequently showed HAT 
and CF titer rises, four-fold or greater. Two specimens, drawn 23 and 39 days after 
onset of disease were shown to have HAI titers of only 1/8 and 1/0 respectively, 
in spite of the capacity of the sera to neutralize more than 2.5 logs of virus (see 
$.0., Table XX). In contradistinction, HAI titers of 1/8 or less were obtained 
with all of the l7 sera (25 patients) which neutralized less than 1.0 log LDso of 
virus. Within this latter group, no significant changes in titer were seen. Thus, 
while it was possible in a few instances to have HAI titers less than 1/8 in sera 
containing 2.5 or more logs of neutralizing antibody, titers greater than 1/80 were 
only encountered in sera having greater than 2.0 logs LDso of neutralizing antibody. 


Similar comparisons between CF and HAI antibodies are shown in Table XVIII. The 
patients included in Series I and II are identical with those tabulated in the preced- 
ing table. Because of individual variations in the quantities of serum received, and 
because of bacterial contamination or anticomplementary properties of certain specimens, 
the sera in the 2 tables are not identical in all instances, 
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Table XVII. Correlation of Neutralizing Antibody with Hemagglutination 
Inhibiting Antibody in Individual Sera 


Logs 
JBE Virus Serum HAI Titer, Reciprocal 
Neutralized <10 10 20 O 8 160 320 6h0 1280 2560 52560 
0.0 = 1.0 
SERIES I 1.1 - 2.0 
Be tases 3 2.1 = 3.0 lt 2% 2& 2 1 2 1 
Known JBE 3.1 - 4.0 le Mi ae ee ee 1 
Positive h.1 - or > age » 
SERIES II 
Know JRE sei 2 Ws 10 1.26 7 i 
Negative ? r 


* Serum obtained less than 10 days after onset of illness 
Series I: 5h sera representing 22 patients with proven JBE 
Series II: 7 sera representing 25 patients proven not to have JBE 


Table XVIII. Correlation of Complement Fixing Antibody with Hemagglutination 
Inhibiting Antibody in Individual Sera 


Reciprocal Serum HAI Titer, Reciprocal 
CF Titer 410 10 20 0 6 _ 160 320 640 1280 2560 >2560 


<h 1 2 2 2 5 2 5 2 
4 ae eee 1 

SERIES I 8 1 2 2 h 2 a’ 
fabseipeie ties 16 OER SE i 1 
Known JBE 32 1 1 
Positive 6h, 1 

> 64 2 1 1 
SERIES II 
Known JBE < : - eee & ae *. Be i 
Negative 

Series I: 57 sera representing 22 patients with proven JBE 


Series II: 2 sera representing 25 patients proven not to have JBE 


Table XIX. Mean Hemagglutination Inhibiting Antibody Titer by Interval of Disease 


Series I* Series IIx 
JBE Confirmed by CF Test JBE Eliminated by Neutralization Test | 

Day Of Number Geometric Number Geometric 
Disease Sera Mean Titer Sera Mean Titer 
0-10 22 152 17 17 

ll - 21 13 4h8 18 16 

22 - 35 13 64,0 ia 17 

>3 ah 4,80 


RT ee 


* 22 patients 
“st 25 patients 


~- 39 - 
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From Table XVII it will be seen that all but one sera with CF titers of 1/8 or 
greater had HAI titers of 1/160 or greater, but that HAI antibody greater than 1/80 
did occur in the absence cof CF antibody. The delayed and inconsistent appearance of 
CF antibody may be responsible for the latter observation. HAI titers of 1/8 or 
less were again shown in all sera of patients proven not to have JBE (Series II). 


In the preceding comparisons it was implied that HAI antibody levels in the 
first 10 days of disease were lower than those demonstrated in sera obtained later 
in the illness, in spite of the fact that levels of neutralizing antibody were sim- 
ilar during both periods of time. The geometric mean antibody levels presented in 
Table XIX (Series I) tend to confirm this impression. It would appear that a trend 
of increasing titer during the first 35 days of disease is demonstrable. No such 
trend can be shown in those patients proven not to have Japanese PB encephalitis. 


Analysis of the serological history of the individual patients in Series I 
(confirmed Japanese B encephalitis) showed that h-fold or greater increases in HAT 
antibody were demonstrable in 13. The various antibody changes in these 13 patients 
are indicated in Table XIX. All patients were found to have greater than 2.0 log 
Licey of neutralizing antibody, and one of them (#6, A.D.) demonstrated more than 
2.4 log LDeg rise of neutralizing antibody between the th and 18th day of disease, 
Significant increases (by criteria outlined in diagnostic section this report) in 
CF antibodies were shown in 12 of the 13 patients. Increases in HAI antibody were 
shown in one case as early as the llth day of disease (#10, Ri, Re). In six cases 
(CT, DO, FR, GB, HE, and AD) the antibody rise was detected from 12 to 33 days be- 
fore confirmation of CF or neutralization test was obtained. In the remaining 7 the 
HAI technique demonstrated significant antibody increases at the same time as the 
standard tests. 


It is of interest that in the 2 Orientals (#8, EF, and #13 SO) the HAI antibody 
never reached levels comparable to the maximal titers demonstrated in Caucasians. No 
explanation can be offered for this observation at the present time, 


The preceding data has shown a correlation of HAI antibody with neutralizing an- 
tibody to JBE virus, and that h-fold or greater increases in HAI antibody can be dem- 
onstrated in patients subsequently or simultaneously showing diagnostic increases in 
CF antibody. The HAI test by these comparisons would seem to be an extremely useful 
tool for the diagnosis of Japanese B encephalitis. Analysis of the data obtained from 
checking the sera of 78 United Nations patients listed in Table ITI, by the HAI tech- 
nique provides greater insight into the potentialities of this technique under actual 
routine diagnostic circumstances. From Table XXI it will be seen that 11 of the 2h 
confirmed cases of encephalitis in United Nations personnel showed titer rises in HAI 
antibody h-fold or greater; the remaining 13 all had sustained HAI titers greater than 
1/80. Of 29 cases proved not to be JBE, 28 had maximal HAI titers less than 1/80. 

The remaining patient showed a rise in HAI titer from 1/8 to 1/320 when first and 

2lst day sera were compared. Both these sera had less than 0.6 LDco of neutralizing 
antibody to JBE virus. Lack of serum prevented the repetition of the HAI test. In 

5 adequately studied cases in which usual laboratory techniques gave equivocal results, 
a significant titer rise was demonstrated twice by the HAI technique. Two more patients 
had titers greater than 1/80 and one of 1/80 or less, Thus, data obtained by the HAI 
test, and interpreted in the light of the preceding discussion, was in agreement with 
that obtained by standard test techniques in 57 of 58 patients; in but 1 instance would 
interpretation of the HAI technique have been erroneous. 


In 1 fatal case of encephalitis (R.R.) where serologic diagnosis of JBE was merely 
suggested by standard tests, an 8-fold rise in HAI antibody from 1/0 to 1/320 was 
shown between l} and 9 day sera. These sera were devoid of CF antibody, but both po- 
sessed greater than 3 logs of neutralizing antibody. Microscopically, this brain was 
compatible with a diagnosis of viral encephalitis. No virus was recovered from brain 
tissue submitted. 


It would appear from the data that a -fold rise in HAI antibody could be inter- 


- preted with reasonable assurance as evidence of recent infection with JBE virus. Less 


firm is the significance of serial HAI titers greater than 1/80. It seems reasonable 
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Table XXI. Japanese B Encephalitis, 58 United Nations Personnel Adequately 
Studied by HAI Technique 
2, Confirmed Positive Cases Japanese B Encephalitis 


Positive by CF Test / Negative by CF Positive Neutralization 
er se er se 


ima ma 
Titer >1/80, no titer rise lx, or greater Titer >1/60, no titer rise kx, or greater 
13 10 0 1 


29 Confirmed Negative Cases Japanese B Encephalitis 


Maximal HAT Maximal HAT HAT Titer Rise 
Titer 1/80 or less Titer >1/60, no titer rise kx, or greater 
28 0 1 


5 Equivocal Cases Japanese B Encevhalitis 


Maximal HAT Maximal HAI HAI Titer Rise 
Titer 1/80 or less Titer >1/60, no titer rise Lx, or_greater 
1 2 2 


to interpret such titers as indicative of recent infection in the face of a concomitant 
central nervous system infection. It is not possible at this time to interpret HAI ti- 
ters on single sera, without a history, as evidence for or against infection with JBE 
virus, since nothing is known of the persistence of the HAI antibody. 


Accepting the significance of a h-fold or greater increase in HAI titer, the HAT 
test would have confirmed a clinical illness of JBE in 6 of 30 (20%) patients 10 to 30 
days before similar confirmation was obtained by CF or neutralization test, and would 
have confirmed 2 additional cases which remain in the equivocal category by standard 
tests. Acceptance of sustained titers of 1/160 or greater in patients with a history 
of concomitant central nervous system disease would have confirmed as JBE 2 additional 
equivocal cases. Thus, the HAI test is potentially the most rapid method for the sero- 
diagnosis of JBE, and when done in conjunction with CF and neutralization tests can 
increase the total number of diagnoses under circumstances similar to the past season's 
experience. Only additional testing will determine if this technique is more or less 
sensitive or specific than the CF and neutralization test for the diagnosis of JBE. 


More data is necessary to determine the persistence of HAI antibody, its relationship 


to inapparent infection, and the reproducibility of the HAI test in other laboratories, 


japanese B Encephalitis: Seek for aay Response to Vaccination, and for 
Inapparent Infection - Serological observations made a e close o e 195 
patheeak of JBE in Japan and in Korea indicated that aporoximately 50% of all non- 
vaccinated American troops exposed during a single s 335" in an endemic area of encenh- 
alitis developed neutralizing antibody to JBE virus 26) without overt evidence of 
disease. It seemed advisable to confirm and extend these preliminary findings by 
studying selected American troops during the summer of 1951 by serological methods. 
Men of several Army units in Japan and Korea were bled both before and after possible 
exposure to JBE virus. Following vaccination with standard chick embryo JBE vaccines, 
samples were cbtained in Korea from combat troops, a rear area garrison, and men iso- 
lated upon an island. Insofar as possible samples were obtained from the same men 
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in October, 1951. Garrison troops in Tokyo were similarly bled except that a serum 
was obtained from these men prior to vaccination. These samples were suvplemented 
by a series of specimens drawn from troops in Sapporo on the island of Hokkgido, 
according to a schedule identical to that of the Tokyo bleeding. The Hokkaido 
group, living in a reportedly nonendemic area, was intended as a control on the 
effect of vaccination alone upon JBE antibody levels. 


Vacuination against JBE was required for all American troops in the Far East 
Command during the summer of 1951. The time schedule for vaccination varied con- 
siderably with the unit. In general, troops stationed in Japan received vaccine 
according to the recommended schedule of 1.0 cc given at 9, 7, and 30 days. Korean 
units, and troops entering the theater during the spring and summer of 1951, re- 
ceived vaccine on a schedule determined by local circumstances frequently at var- 
iance with that recommended. 


Serial sera obtained were tested for neutralizing antibody to JBE virus, all 
sera from one individual being tested simultaneously. Sera neutralizing more than 1.7 
logs of virus were considered positive, according to criteria of Paul 


Pertinent observations made from this survey are recorded in Table XXII. Vaccin- — 


ation as practiced in 1951 evoked an antibody response in 58 (16%) of an overall total 
of 369 individuals tested 10 to 28 days after vaccination. 


In Japan, 42 (30%) of 136 individuals tested developed antibody 10-12 days after 
vaccination. Of the 35 vositive postvaccination sera where endpoints were established 
there was a range of 1.8 to 3.2 logs and an average of 2.3 logs of protection demon- 
strated. Thirty-two of the l2 individuals in whom vaccination evoked a resnonse were 
bled in the fall, 3 to 4 months after vaccination. Significant amounts of neutraliz- 
ing antibody were demonstrated in 13 of these individuals. 


In Korea, only 16 (7%) of 233 individuals showed significant antibody titers in 
postvaccination sera. Antibody persisted until the fall bleeding in nine of these 
16 individuals, The discrepancy in the percentage of individuals developing anti- 
body as a response to vaccination in the Japan (30%) and Korea (7%) groups may be 
attributable to less satisfactory vaccination schedules in the latter, 


Table XXII indicates that only 8 of 327 individuals in which neutralizing anti- 
body was not demonstrated in the postvaccination serum, had significant amounts of 
antibody in serum drawn 3 to months after vaccination. The postseason sera in 
these 8 individuals all neutralized less than 3.0 logs LDco of JBE virus. In the 
light of previous experience, it seems wmlikely that this represents a resnonse to 
inapparent infection since it has been shown (1950) that, when antibody could be 
demonstrated in normal unvaccinated individuals at the end of an epidemic, it was 
capable of neutralizing 3.0 or more logs of virus 94% of the time. 


In brief then, the 1951 survey has shown: 


(1) That vaccination as practiced induced significant antibody levels in 
only 16% of all individuals tested and that this antibody versisted longer than 3 
months in less than 10%. 


(2) That faulty vaccination schedules may have reduced the efficacy of 
vaccination in Korea. 


(3) That few, if any, Americans in Japan and in Korea experienced inappar- 
ent infection in 1951. 


(4) That no neutralizing substances to JBE were detected in the sera of 
14) unvaccinated individuals newly arrived in Japan. 


American troops in the Far East were not vaccinated against JBE virus in 1952. 


Again in 1952, a paired serum survey for inapparent infection in Japan and in Korea 
was initiated. A plan similar to that of the vreceding summer was followed; however, 
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Table XXII. Japanese B Encephalitis Antibody in Selected Americans, 
Summer-Fall, 1951 


ANTIBODY RESPONSE TO VACCINATION Spontaneous Evidence 
Immediate Response Antibody Persistence Development of 
Test Location and Days After Days After of Previous 
Troop Type Positives Vaccination Positives Vaccination Antibody Exposure 
JAPAN: 
Tokyo, Honshu 18/52 11 5/8 129 3/21 0/52 
Sapporo, Hokkaido 2/9 10 - 12 8/2h 90 2/73 0/92 
Total . h2/136(30Z) 13/32 5/94 0/1bb 
KOREA: 
Combat Area 5/75 2h = 28 4/5 142 2/75 ‘ 
Rear Area 6/129 21 - 28 2/6 113 1/129 - 
Island Isolation 5/29 1h = 21 3/5 153 0/29 “ 
Total 16/233( 7%) 9/16 3/233 


the intermediate (postvaccination) bleeding of 1951 was eliminated. Paired sera were 
drawn from 761 individuals in Japan and in Korea. Four-hundred and nine of these repre- 
sented 8 U.S. Army units in different areas of Korea and 352 represented 7 U.S. Army 
units in different areas of Japan. These sera are currently under study and data will 
be reported at a later date. 


The Role of Normal Inhibitor in Human Serum in the Serodiagnosis of Influenza - Dur- 
ing the small sporadic outbreaks of influenza-like illnesses in this Command in the winter 
of 1951-1952, laboratory confirmation of influenza was made in a relatively small percent- 
age of cases. Where serological evidence of influenza could not be obtained, the levels 
of agglutination inhibition antibody in both the acute and the convalescent sera were 
suggestively higher than the level of antibody in the acute phase serum of serologically 
proven cases. It seemed advisable to determine whether or not serum “normal inhibitors" 
were masking antibody rises, since an antibody rise from 1/ to 1/6 might not be de- 
tected in serum containing a level of normal inhibitor of 1/256, If this were the case, 
agglutination inhibition tests on serum from which the normal a had been removed 
might be diagnostic. Hirst's technique of periodate digestion 27 » the simplest of 
existing methods, was used to remove normal inhibitors. 


Initial experiments with sera treated by this method were discouraging. Failure to 
remove normal inhibitor in this series of tests was ultimately attributed to the inact- 
ivity of a preparation, sold as sodium metaperiodate (Na IO},) which was primarily 
sodium paraperiodate (Na3 Ho 10g). The results of subsequent testing of serum digested 
with potassium metaperiodate (KIO),) synthesized by the Department of Chemistry, 06th 
Medical General Laboratory, are summarized below, 


Methods 
Serum; Paired sera, submitted for serological confirmation of influenza, were used 


in this study. Sera from patients with respiratory disease other than influenza were 
tested as controls. 


Agglutination Inhibition Tests: All antibody assays were done by the technique 
nenameied by the United States Army (25). PR-8, FM-1, and Lee strains of influenza 
viruses were the test antigens. 


Serum Digestion: Two volumes* of a saturated KIO}, solution (solubility, 0.66 
gm/100 cc) were added to 1 volume of serum previously inactivated at 56°C for 30 min- 
utes. This mixture was incubated at 37°C for 60 minutes, following which ) volumes 

of 5% dextrose in saline were added. The mixtures were allowed to react for 10 min- 
utes at room temperature to complete the inactivation of the generated ozone. This 
time of incubation was considered more than adequate on the basis of the starch-iodide 
test for ozone which was negative within 30 seconds after the glucose-saline mixture 
was added. Finally, 1 volume of saline was added to bring the final serum concentra- 
tion to 1:8, the.serum dilution at which the agglutination inhibition tests were be- 
gun 


Results 


Paired sera from 29 influenza suspects were tested against each of the 3 test 


viruses, In each instance, the effect of periodate digestion was controlled by a sim- 


ultaneous determination on an wtreated aliquot of the same serum. Of the 17); indi- 
vidual tests, the mean overall reduction in titer effected by veriodate treatment was 
about l-fold with the extremes being O-fold and 32-fold. Periodate digestion did not 
render the mean serum titer for any one of the 3 test antigens significantly lower 
than the others, 


Applying the usual criteria for the serodiagnosis of influenza, i.e. the demon- 
stration of a l-fold or greater rise in titer between acute and convalescent sera, 9 
of the 29 suspects were positive by either or both standard and periodate techniques. 
Of those positive, 6 were demonstrated by both techniques, 2 by the veriodate tech- 
nique only, and 1 by the standard technique only. In the positive cases, mean titer 


reduction by periodate digestion was -fold in acute sera and only 2-fold in convales- 


cent sera. Thus, a more pronounced titer rise could be demonstrated by the periodate 
technique in most positive cases. Table XXIII indicates the magnitude of titer rises 
demonstrated by the 2 techniques. 


Table XXIII. Influence of Periodate Digestion of Serum Upon Magnitude Of 
Titer Rise in Influenza 


PR-8 Virus FM-1 Virus Lee Virus 
Serum Serum Serum 
Patient Treated Untreated Treated Untreated Treated Untreated 
DA. 2 0 0 0 16 8 
B.M. 2 fe) 2 fe) > 32 ZU 
RM. 8) 0 2 mag > IG L 
JC. 0 @) 2 0 >8 t 
I.R. 0 2 2 2 > 32 B 
J.H. 0 fe) 2 ) >t ie) 
E.C. 2 0 8 2 2 0 
E.D. yh 2 > 32 4 fo) 0 


No definite statement can be mde as to the validity and sensitivity of the 
periodate technique on the basis of one small experiment. Although routine period- 


ate digestion for the serodiagnosis of influenza cannot yet be advocated, this 
study suggests that a large percentage of the agglutination inhibiting substances 


in human serum is "normal inhibitor" which must not be ignored when information on 
the absolute antibody content of individual sera is desired, The observation 

that the magnitude of titer rise was significantly increased by periodate treatment 
suggests that this technique may render the test more clearcut and accurate than 
the standard technique. 


#* Based upon solubility and molecular weights, 2 volumes of a saturated solution 
of KIO are roughly equivalent to 0.05 M Na IO), recommended by Hirst for des- 
truction of red cell receptor substance, 
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A Hepatitis Virus Of Mice - During the past 18 months 3 distinct hepatotropic 
virus diseases of albino mice have been described. The first of these was observed 
by Jordan and Mirick (28), and occurred in urethane treated mice ) passages follow- 
ing the inoculation of liver from a fatal case of human hepatitis. This mouse dis- 
east was of gies onset, tended to chronicity, and was rarely fatal. Gledhill and 
Andrewes (29) demonstrated a transmissible liver disease in breeding stock of Parks 
strain of albino mice. This disease was 100% fatal in V.S. weanlings, with maximal 
death rate on the 5th day resulting from diffuse necrosis of the liver. Most re- 
cently, Nelson ‘30, 31) described a mouse hepatitis which, in his opinion, was dis- 
tinct from each of the other two. A concise review of the characteristics of these 
3 diseases, 739 their behavior in the laboratory, is to be found in Nelson's first 
publication 30), The following report describes the circumstances under which a 
filtrable agent causing hepatitis in mice was recovered in this laboratory, and the 
characteristic® of this agent as they are known at the present time, 


Circumstances of the Recovery of Mouse Hepatitis Virus - The present mouse dis- 
ease was encountered during SCtomets to establish the agent of Hemorrhagic Fever in 
mice by serial blind passage of viscera. 


Cne cubic centimeter of a mixture of blood and bone marrow, taken from a patient 
early in the course of Hemorrhagic Fever, was given intraperitoneally to each of 6 
albino mice* weighing 1) to 16 grams. Nine days after inoculation, one of these mice 
was found gead. Advanced postmortem changes prohibited passage from this animal: 
however, 2 of the remaining 5 mice were sacrificed and autopsied. No obvious lesion 
was observed grossly. Emulsionsof liver, kidney, and spleen were subinoculated into 
additional mice. These same viscera were passaged blindly at 7 to 9 day intervals 
to 6 to 8 young mice for 6 generations. All mice not sacrificed were observed a min- 
imum of 28 days. 


In the second blind passage, 1 of 3 mice alive on the 16th postinoculation day, 
was observed to have frank ascites, and in the succeeding generations (Passages 3, 
4,5,6) ascites, occurring in the 3rd and lth postinoculation week occurred in the 
majority of mice. No disease or gross pathological change was apparent in the mice 
of these groups which were sacrificed on the 7th to 9th day for blind passage. Asci- 
tic fluid was a sterile transudate, and neither it, nor liver-kidney-spleen emulsions 
from ascitic mice, were capable of producing similar disease upon subinoculation. 


Obvious acute illness was first observed in mice of the 7th blind passage. In 
this passage, of 1) inoculated mice were found dead on the 6th postinoculation day; 
of the remaining 10, one was moribund, and 6 were obviously ill. Serial intraperiton- 
eal passage with suspensions of liver, kidney, and spleen from the sick mice quickly 
established that the disease was transmissible. 


The Mouse Disease: While it has been possible to maintain this disease 
through over [0 passages in mice, the infection has been a difficult one to study quan- 
titatively. Characteristically, only 65% (162 of 29 mice in 22 passages) of the mice 
inoculated intraperitoneally developed obvious signs. These mice manifested infection 
by a ruffled coat, "hunched" posture, lethargy, and irritability without distinct cen- 
tral nervous system signs. Illness appears 8 to 60 hours after inoculation. Typic- 
ally, lethargy becomes more pronounced until frank prostration is evident, and once 
prostrate, the animal dies within to 6 hours. The mortality rate in mice developing 
signs is approximately 90% (152/162 in 22 passages), and the majority of mice die 3 to 
6 days after inoculation. When the mouse survives, the original ill defined symotoms 
persist for 1 to 5 days before the animal recovers its normal appearance and activity. 


Pathology: Pathological changes in the viscera of ic) hae mice appear to 
be similar, if not identical with, those described by Nelson (30), Striking changes, 


#* The albino mouse used exclusively in this laboratory at the time of recovery of 
the mouse hepatitis virus (M.H.V.) was a heterogeneous strain, supplied by local 
Japanese dealers, The parent stock of these mice was a German Swiss strain (DM) 
imported into Japan during the 1930's. Breeding histories and pvedigrees on these 
mice were lost during World War II. 
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observed consistently in passages beyond the 10th generation, were confined to the 
liver, other abdominal viscera being grossly and microscopically normal in appearance. 
The lesion seen in mice developing symptoms 2 to days after inoculation is equally 
well demonstrated in either living or dead animals. Livers of such mice are rrossly 
enlarged, extremely soft, and pale yellow in color. Capsular and cut surfaces are 
studded with small hemorrhagic foci. The capsule is smooth and glistening, and the 
surface is faintly dimpled. Microscopically” in this liver, coagulation necrosis of 
liver cells is extremely widespread. Parenchymal cells are shrunken, stain deeply 
red with H & E, and contain many nuclear fragments. But few areas of the liver are 
spared, Mononuclear cells are observed scattered throughout the areas of necrosis, 
but in general cellular response is minimal. Hemorrhage into necrotic areas is not 
infrequent. 


The liver of mice less acutely ill is large, dark, and congested. Numerous dis- 
crete gray-white foci, 1 millimeter or less in diameter, are visible over the capsular 
surfaces, and throughout the parenchyma. A small amout of free peritoneal fluid is 
occasionally seen in mice developing disease late (after the 5th day) but ascites was 
never a striking finding after the 7th passage. Where focal lesions are seen grossly, 
islands of necrosis are seen microscopically. ~-These foci have no constant relation to 


lobular architecture, or blood vessels. At their peripheries a scant cellular reaction, 


predominantly mononuclear, is evident. Sinusoids are distended but frank hemorrhage 
into necrotic foci is rare, 


Passage Characteristics of the M.H.V. - Exverience with the mouse disease 
resulting from (otraperitcnesl Inoculation suggested wide variation of mouse suscep- 
tibility. Even in the maximally susceptible weanling mice, 0.3 to 0.5 ce of infected 
liver suspension produced obvious disease in only 60% of the animals. Suspensions of 
infected liver (Passage 8) diluted beyond 1/100 and given in the same volumes, failed 
to kill, although clinical illness was observed sporadically in mice inoculated with 
dilute suspensions. When sick or normal appearing mice were sacrificed and autopsied 
7 days after inoculation, the presence or absence of liver lesions did not correlate 
with the presence of discrete mouse illness. To determine the extent of subclinical 
infection, and to attempt to correlate the degree of pathological change in the liver 
to the occurrence of symptoms, the following experiment was devised, 


Pairs of mice inoculated intraperitoneally with 0.5 ce 

of a 10% suspension of infected liver obtained from mice 
of the 10th generation, were sacrificed daily for 7 days, 
then at 1h and 21 days. Livers from sacrificed mice were 
fixed, sectioned, stained, and studied microscopically, 
and pooled aliquots of the same tissue were emulsified in 
saline (10% suspension), and subinoculated into groups of 
6 mice to determine infectivity. Results of this exper- 
iment are summarized in Table XXIV. 


The sampling method used in this experiment required that the mice sacrificed 
by day should reflect the clinical appearance of the majority of the mice. It will 
be seen from Table XXIV that the severity of the liver lesion progressively increased 
by day, presenting a picture of maximal destruction of liver tissue by the lth and 
5th postinoculation day, and that the severity of liver disease gradually diminished 
in those mice surviving the initial acute disease, The infectivity of liver tissue 
as judged from the morbidity, mortality, and incubation period was maximal on the 
2nd and kth day after inoculation, but was apparently still detectable as late as 
the 2lst day. It is of interest to note that the mortality of the subinoculated mice 
correlated well with the morbidity only when the inoculum was maximally infective; 
and that liver suspensions possessing lesser degrees of infectivity failed to kill 
inoculated mice. Thus, at least for virus of the 10th generation, maximal infectiv- 
ity of liver is probably attained before the appearance of obvious illness in mice, 


# Tissues were sectioned, stained, and read by the Department of Pathology, 
06th Medical General Laboratory. 


a 


fa See ee 


Table XXIV. Pathology and Infectivity of Mouse Liver by Day: Mouse Hepatitis Virus 


INFECTIVITY OF LIVER 


Day After Average 
Inocula- Signs At Mouse Microscopic Morbidity Mortality By Incubation 
tion Sacrifice No. Appearance of Liver 1 Days Period, Days 
1 No 1 Mild focal necrosis 6/6% 0/,** 6 
2 Moderate focal necrosis 
2 No 1 Minimal focal necrosis 6/6 h/y iF 
2 Moderate focal necrosis 
3 No 1 Moderate focal necrosis 6/6 5/6 A 
2 Moderate focal necrosis 
k Yes 2 Severe diffuse necrosis 6/6 5/6 3 
2 Severe diffuse necrosis 
S Yes o Severe diffuse necrosis 6/6 2/6 5 
2 Severe diffuse necrosis 
6 No 1 Moderate focal necrosis },/6 3/6 5 
2 Moderate focal necrosis 
7 No 1 Mild focal necrosis 3/6 3/6 6 
2 Minimal focal necrosis 
1, No 1 Mild focal necrosis 2/6 0/6 6 
2 Mild focal necrosis 
21 No 1 Mild focal necrosis 1/6 0/6 7 
2 Mild focal necrosis 


#* Number sick/number inoculated 
##* Number died/number surviving, not sacrificed 


and before maximal pathological changes can be demonstrated. It would appear that dis- 
cernible disease correlates better with diffuse destruction of liver tissue, than with 
infectivity of the liver. This experiment suggested that the most sensitive way to assess 
the presence or absence of infection in a given mouse was to observe its liver. Animals, 
with or without symptoms, could be sacrificed at 4-5 days, their livers examined grossly, 
and in critical experiments, the degree of liver pathology assessed microscopically. 


In weanling mice, 18-21 days of age, the interval between inoculation and first evi- 
dence of disease gradually decreased from 8 days in the 9th generation to 2 days in the 
23rd generation. Two-day incubation periods have been maintained through the next 30 
generations. 


Experiment similarly determined that the susceptibility of weanling mice varied with 
the dose of inoculum and the route of inoculation (Table XXV). 


It will be seen that mice were as readily infected by the intracerebral route as by 
intraveritoneal injection, while subcutaneous or intravenous inoculation produced disease 
much less frequently. Gross pathological changes in the liver were seen in all sick or 
dead mice, irrespective of the route of inoculation, suggesting a hematogeneous dissemin- 
ation of the infectious agent to the liver, at least in animals inoculated other than 
intraperitoneally. The response to a single intravenous inoculation was of interest 
because it was not as sensitive as the intraperitoneal or intracerebral routes. It was 
possible, therefore, that virus, given intracerebrally, was propagating in the brain, 
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Table XXV. Influence of Dose* and Route of Inoculation Upon Disease 
in Weanling Mice, 8-10 Gm. 


Inoculation Average Incubation Period 
Route Dose Morbidit Mortalit Da 
Intraperitoneal 0.5 ce 6/634+ 3/3 4.3 

0.25 ec 5/6 5/5 4.3 
Subcntaneous 0.5 1/6 1/6 7 
Intravenous 0.25 3/6 2/6 5.3 
Intracerebral 0.03 cc 5/6 2/3 4.6 


* Virus 12th generation, 10% suspension of liver, kidney, and spleen 
%%* Number sick/number inoculated 
#3 Number died/number surviving, not sacrificed 


and secondarily involving the liver. If multiplication was occurring to any extent in 
central nervous system tissue, serial brain to brain passage could conceivably adapt 

it sufficiently to produce more regularly objective signs of infection in mice. Accord- 
ingly, brain from mice developing liver disease following intracerebral inoculation of 
infected liver susvensions was passaged serially brain to brain, for approximately 0 
generations. Passages were made from brains of the initial mice showing symotoms of 
any sort in each group. All mice from the first 5 intracerebral generations were shown 
to have typical gross pathological changes in their livers at the time of sacrifice; 
indeed, the gross pathology of the intracerebrally transmitted disease was confined to 
the liver through 10 generations, Clinical evidence of involvement of the central 
nervous system was first seen after 5 passages when 1 of 9 mice was observed with var- 
alyzed hind quarters. Frank paralysis was observed in succeeding passages only in 
those mice that survived the initial characteristic liver disease, The mortality rates 
in the intracerebral passages remained similar to those in the comoarable intraneri- 
toneal passage lines for over 30 generations. Incubation veriods were the same for 

the 2 routes of inoculation (3-l days) for 20 odd passages, after which it was short- 
ened to 2 days in the intracerebral line. Irrespective of the source of inoculum 
(brain or liver) or the route of inoculation (IP or IC) it has never proven possible 

to titrate infectivity accurately, and the anticipated change in virulence by brain to 
brain passage failed to occur in 10 passages. 


Infection in Guinea ree No distinct disease was induced in 350-00 gram 
guinea pigs inoculated intraperitoneally with mouse liver suspensions. Guinea pig 
liver, 5 days after inoculation produced typical disease in mice, but not in addi- 


tional guinea pigs. Guinea pig liver was similarly infectious for mice after 3 blind 
guinea pig passages. 


Filtrability of the Infectious Agent: Two filtration experiments were done. 
re caves capariment, © Mien Were Lacsulatad. latrareritones|ly with-0.3 6, nf 8. 10E 
emulsion of infected liver, kidney, and spleen that had been filtered through a proven 
bacteria-tight Seitz EK pad. Six additional mice were similarly inoculated with unfil- 
tered tissue suspensions. Two of the 6 mice inoculated with filtered suspension were 
ill on the 6th postinoculation day. When sacrificed, both sick mice showed typical 
diffuse necrosis of the liver. Subpassage of these livers vroduced the disease in 5 
of 6 subinoculated mice. Two of 6 mice inoculated with the unfiltered suspension were 
ill on the Sth vostinoculation day; livers of these mice exhibited the usual gross 
changes, and when passaged produced typical disease and lesions in of 6 mice. 


In the 2nd experiment, 2 of 7 mice inoculated with 1.0 cc of a 10% liver suspen- 
sion filtered through a Berkfeld N candle were ill on the lth day after inoculation. 
Livers of these mice were shown to have widespread focal necrosis microscopically. 
Five of 6 mice inoculated with an unfiltered aliquot of the same suspension developed 
typical disease on the hth and 5th postinoculation day. 
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Infectivity of Mouse Blood and Urine - Two experiments suggest the presence 
of circulating virus at the time of obvious illness in mice. In the lst experiment, 
5 of 6 mice inoculated with undiluted blood from sick mice, developed typical disease 
and pathological findings days after inoculation. A 2nd experiment, in which blood 
was titrated intraperitoneally, demonstrated specific illness and death by the lth day 
in mice given undiluted blood. Microscopic evidence of liver involvement was present 
as well in mice inoculated with 1072 dilutions of blood. 


In one experiment, a 1/10 dilution of urine, recovered at sacrifice from 2 mice 
at the height of illness, pvroduced moderate focal hepatitis in 1 of 2 mice inoculated. 


Stability of Mouse Hepatitis Virus in the Frozen State - Frozen whole infec- 
ted liver from the early passages (7 to 15) maintained their infectivity for at least 
1 month when stored in glass at -70°C, Whole emulsions of liver or brain in saline 
when kept at the same temperature maintained their infectivity at least 5 months. 


Sensitivity of Mouse Henatitis Virus to Antibiotics - The use of penicillin 
and streptomycin in aricents to suppress the growth of bacteria which occasionally 
contaminated liver suspensions had little if any effect nia ape infectivity of the 
MHV. Following the observations of Gledhill and Andrewes 9) that the mouse hepatitis 
described by them was prevented by prior injection of terramycin, the sensitivity of 
this virus to additional antibiotics was tested. Terramycin, aureomycin, and chloro- 
mycetin had little if any effect upon the experimentally induced disease, either when 
inoculae were incubated for 1 hour at °C in the presence of 2 mgm of each of the 
antibiotics prior to inoculation, or when mice were given a similar amount of antibio- 
tic parenterally 3 hours before injection with infected liver suspensions, 


Immunity in Mice - Only meager information is available at this time concern- 
ing the development of Immunity in mice surviving initial infection. About 90% of 

mice surviving after demonstrating signs following initial infection failed to show 
evidence of infection following intraperitoneal challenge. Ten vercent, however, did 
succumb to challenge infection. Because of the poor correlation between infection as 
manifested by pathological changes in the liver and clinical signs, the significance 

of this observation cannot be properly evaluated. No in vitro tests for neutralizing 
antibody in surviving mice have been made because of difficulty in interpreting sub- 
clinical infections. In 1 test no neutralizing antibody could be demonstrated in the 
serum of guinea nigs repeatedly inoculated with infectious mouse liver, 


Attenets to Recover Mouse Hepatitis Virus from Normal Mice - Pooled livers, 
kidneys, and spleens from 6 randomly selected mice were inoculated intraperitoneally 
into 8-10 gram mice on different occasions, Viscera from inoculated mice were pas- 
saged blindly at 7-10 day intervals for at least 8 generations in each instance. Mouse 
hepatitis virns was not recovered in these specific trials, It should be noted, however, 


that a liver disease of mice, not identified, was encountered in animals used in exper- 
iments to recover the agent of Hemorrhagic Fever later in the summer of 1952, 


Discussion 


Of considerable interest is the orecise origin of this mouse hepatitis virus. 
Overt disease did not appear at any time in any of the originally inoculated or the 
first passage mice. Ascites was not apparent in 2nd or 3rd passage animals until af- 
ter actual passage (blind) had been made. The acute disease subsequently reproduced 
in many generations did not appear until the 7th passage, and thereafter paralleled 
reproducible pathological changes in the liver. When fixed liver from the first 
seven passages was sectioned, evidence of liver involvement consistent with that seen 
in later passages was seen in at least 1 mouse, in most instances 2 mice of each 
passage. Unfortunately, tissue for sectioning in these passages were taken 15 to 23 
days after inoculation, and aliquots were not passaged, whereas the tissues passaged 
at 7-9 days were not fixed and sectioned. Although the relationship between the 
pathological changes and the infectious agent was not established in early passages, 
both were present in mice of each passage, including the originally inoculated mice, 
That the original inoculum was the source of this agent could not be ruled out. 


we 


Experiment demonstrated that convalescent sera from the patient supplying the orig- 
inal inoculum failed to neutralize the mouse virus. Further, no evidence of neutraliza- 
tion of the virus, by sera from similar patients with hemorrhagic fever, could be ob- 
tained. All human sera used in these tests by Smorodintsev's criteria ¢ should have 
contained neutralizing antibody to hemorrhagic fever virus. This suggests the mouse 
disease to be wmrelated to hemorrhagic fever, but until definite neutralization of the 
M.H.V. by homologous antiserum is demonstrated, this evidence is inconclusive, 


The present M.H.V. appears to be related to Nelson's virus, considered to be of 
mouse origin. The recovery of both agents was associated with consecutive passage of 
mouse viscera in mice, Both the gross and microscopic pathology of the 2 diseases are 
similar, if not identical. Neither is sensitive to antibiotics as was the virus of 
Gledhill and Andrewes. Unlike the virus of Jordan and Mirick, the disease produced by 
these viruses is acute, with incubation periods of less than 1 week. From his account, 
Nelson's virus appears to be more virulent than the presently described agent. This 
difference might be attributed to the mouse strains employed for the 2 viruses, since 
Nelson demonstrated strain differences in susceptibility to his virus, Further exper- 
iment is necessary to define more precisely the characteristics of this agent, to re- 
late it to the hepatitis viruses described by Nelson and by Gledhill and Andrewes, and 
to determine the extent of infection in the mouse colony. 


ORNITHOLOGY: The Aviary for Wild Birds - The need for a facility for the detention, 
care, and conditioning of vita birds prompted the construction of an outdoor aviary. 
This facility, located in Hama Park, Tokyo, within 10 minutes drive of the main labor- 
atory, was built with the ccoperation of the Japanese Imperial Government. The aviary 
is a compartmentalized open cage 25 x 10 x 7 feet, set upon concrete footings, and 
screened against insects, A central compartment 15 x 10 feet, fitted with shelving for 
individual small cages, is flanked by 2 end rooms of 5 x 10 feet, which serve as free 
flight cages. Free flight cages are provided with nerches and water pools. Roofing 
over the entire structure is vortable, reed matting and tarpaulins are being used for 
protection against the elements as necessary. Natural earth and sand, on a gravel base, 
serve as flooring. 


The aviary is stocked with wild birds as they become available through netting 
and purchase. Table XXVI summarizes the bird species kept under aviary conditions dur- 
ing the past year, with their numbers and the diets upon which they were sustained. 


Attempt was made to condition all birds to life in an individual cage insofar as 
possible. This facilitated identification of individual birds and better controlled the 
circumstances of diet and exercise during test. To permit closely confined birds to 
regain wing use and to increase their muscle tone, they were released into free flight 
cages at the conclusion of an experiment. 


The problems of maintaining wild birds in captivity are as individual as the birds 
themselves. Each species has its own dietary and conditioning oroblems, With certain 
species in which interest was high because of their possible relationship to the nat- 
ural history of JBE, useful information concerning these needs has been obtained, and 
is briefly described below. 


It proved possible to take young herons and egrets from the nest 1 to 2 weeks after 
hatching, and to rear them in the aviary. At this age they were able to feed themselves 
from an offered diet. Living loaches without supplement maintained these birds during 
their confinement. Free in cages 5 x 10 x 7 feet, as many as 15 in a single cage 
thrived. Cage varalysis, observed in birds confined in small cages, did not develop 
in those kept in the large compartments. Under these circumstances, BCNH and Little 
Egrets have been successfully kept a year. 


The rearing of nestling Magpies, however, required hand feeding. Young birds ap- 
proximately 10 days old were fed a proprietary diet (surie) of rice and shrimp every 
2 hours for 10 days. These birds usually became self-sufficient in 2 weeks, partic- 
ularly when caged with older birds already adapted to aviary life. When able to feed 
themselves, diet was supplemented by ground meat, fruit, and bread, Free flight cages 
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Table XXVI. Birds Kept in Captivity: Longevity and Diet 
Maximum 
Time In No. 
Species No. Captivity Died Diet Remarks 
Chinese Little Bittern 2 ly, weeks 2 Loaches Dietary deficiency 
(Ixobrychus sinensis) 
Brown-eared Bulbul 1 1) weeks 0 Raisins, surie, Too nervous for 
(Ixos amaurotis) hamburger small cage 
Meadow Bunting 5 66 weeks 2 Grain, surie, Need varied diet 
- Emberiza cioides) bread, hamburger and large cage 
Rustic Bunting 10 28 weeks 9 Grain, surie Starved on grain 
(Emberiza rustica) diet 
Little Egret 25 50 weeks 12 Loaches Need large cage 
(Egretta garzetta) 
Plumed Egret 15 28 weeks 15 Loaches Become heavily par- 
(Egretta intermedia) asitized by nematodes 
Green Finch 3 52 weeks 1 Grain Do well in captivity 
(Chloris sinica) 
Blue Flycatcher 26 weeks 1 Surie, insects, Diet vroblems 
(Muscicapula alee. hamburger 
Narcissus Flycatcher 1 20 weeks 1 Surie, insects Diet problems 
(Muscice ula narcissina) raisins 
Hawfinch 1h weeks 0 Grain Need large cage, 
(Coccothraustes coccothraustes) irritable 
Black-crowned Night Heron 30 LO weeks 10 Loaches Need large cage 
(Nycticorax nycticorax) 
Blue Magpie 16 52 weeks h Omnivorous Need large cage 
(Cyanopica cyanus) 
Golden Plover 1 22 weeks 0 Worms, grain, Needs large cage 
(Charadrius dominicus) surie, hamburger Develops sore feet 
Grey Plover 1 1h weeks 0 Hamburger, grain, Needs large cage 
(Squatarola squatarola) worms Develops sore feet 
Japanese Quail 2 12h weeks ) Grain, surie, Does well in small 
(Coturnix coturnix) insects cage 
Japanese Robin i 5L weeks fe) Surie, raisins, Does well in small 
(Luscinia akahige) hamburger cage 
Terek Sandpiper 2 15 weeks 2 Worms, surie, Dietetic problems 
(Xenius cinereus) hamburger 
Lathams Snipe 1 19 weeks 0 Worms, hamburger Dietetic problems 
(Capella hardwickii) Develops sore feet 
Common Snipe 6 7 weeks 6 Worms, hamburger Difficult to bal- 


ance diet 


Table XXVI. Birds Kept in Captivity: Longevity and Diet Continued 


Maximum 
Time In No. 


Species No. Captivity Died Diet Remarks 


Grey Starlings 19 52 weeks 2 Surie, hamburger Excellent cage bird 
(Spodiopsar cineracea) bread, raisins 

Brown Thrush 3 52 weeks 1 Surie, hamburger Need large cage 
(Turdus chrysolaus) raisins 

Dusky Thrush p 16 weeks 0 Surie, hamburger Need large cage 
(Turdus maumanni ) raisins 

Teal 10 36 weeks 10 Grain Diet problems 

(Ana crecca) 

White Eye x 16 weeks 0 Surie, hamburger Too small for labor- 
(Zosterops palpebrosa) atory work 


were necessary to maintain proper conditioning, and to prevent older birds from beating 
themselves to death. 


Grey Starlings proved to be very hardy, remaining in good health for a full year 
while in individual cages on a diet of surie, raisins, and meat. Buntings were less 
hardy and developed dietary deficiencies in spite of a wide variety of foods offered. 
With high protein diets, Thrushes did well in small cages, All of the finches (Tree 
Sparrow, Hawfinch) were easily kept on grain-fruit diets, but required 1 cubic foot of 
cage space to maintain muscle tone. Teal and Snipe were not successfully maintained 
under aviary conditions. 


The Shin Hama Heronry - Concurrently with the search for naturally occurring 
JBE virus In birds at Shin Hama a study of the bionomics of the herons in this habitat 
was undertaken. 


The Shin Hama Imperial Duck Refuge is situated on the shore of Tokyo Bay, 10 miles 
from Tokyo. Five ponds, surrounded by dense bamboo thickets, are located in an area of 
100 acres, surrounded on all sides by rice paddies, During all seasons of the year it 
is inhabited by herons of various species, 


The population of a large heronry is constantly changing. Here, during the peak of 
summer's activity, were nearly a thousand pairs of Black-crowned Night Herons, 500 pairs 
each of Plumed and Little Egrets, 10 to 15 pairs of Great Egrets (Egretta alba), and 
Cattle Egrets (Bubeleusibis). During the winter, approximately a thousand Herons roosted 
each day in the bamboo, while at sundown their places were taken by a nearly equal nun- 
ber of Little Egrets. During the hours of their maximal activity these birds ranged 
over an area of at least 80 acres. 


During March this population gradually changed. The Little Egrets were augmented 
by Plumed Egrets, until the 2 species were of nearly equal numbers. The Grey Heron 
left, but Cattle Egrets took their places and a few Great Egrets remained. Plumage 
differences indicated that there was a population shift among the BCNH as well. 


Mating and nesting began in late March. Nests were built in the tops of bamboo 
thickets by both adults; little territorialism between species was shown in the nesting 
sites chosen. At peak nest density in May and June, in the choicest sites, there was a 
nest for each square yard of nesting surface. 
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Ege laying followed the pattern of nest building. First, eggs were layed in April, 
and peak egg production occurred in May. The average clutch of 3- eggs is incubated 
approximately 25 days before hatching. Young of all species are hatched naked, except 
for a soft sparse down, which in herons is brown, rather than pale yellow. Svecies 
differences in newly hatched egrets are manifested by the color of the bill, which in 
Little Egrets is black, in Plumed Egrets yellow. For about 5 days after hatching the 
young are helpless and are brooded by the hen, Between the age of 5 and 10 days they 
become more aware of their surroundings; at this time they first show fear, and are 
able to move clumsily about when danger approaches, By 10 days of age they are able 
to leave the nest, but do so only under stress, and move only for short distances, re- 
maining in the foliage about the nest. Nestlings less than 2 weeks of age tolerate 
handling well, and are accepted by the parents after being returned to the nest. Such 
nestlings are readily bled from the jugular vein. 


As they grow, \fledglings become more venturesome and by 25 tc 30 days of age are 
capable of leaving the nest and returning at will. By this time they are fully plumed, 
but incapable of sustained flight. They are recognized by their parents whether in 
the nest, or out, and continue to require parental feeding for at least 2 more weeks. 


The mortality of embryonated eggs and nestlings is not greater than that commonly 
observed in other species. Greatest loss to young appears to be the result of compe- 
tition in the nest, the last birds that hatch having the least chance of survival. In 
the usual course of events, 2 of  eegs laid eventually produce young which survive 
the fledgling stage. 


Only when self-sufficiency is reached is a difference in the habits of herons and 
egrets conspicuous. Young egrets gradually disperse from the refuge, while the young 
herons continue to use Shin Hama as a roost. A steady increase of the day counted 
herons is noted in the thickets from May to August with peak numbers of juveniles 
present in late July. No such increase is noted among the juvenile egrets. 


Having successfully reared one brood, the percentage of adults that return to 
nest again is not known. Judging by the density of late nests vrobably more than 
half raise a second brood. During the last weeks of August nesting activities rapidly 
comes to a close, and young had left the last nests by mid September, 


Avian Population of the Kanto Plain, 1951-1952: Ten localities, within 0 
miles of Tokyo, were selected as representative of the major avian habitats of the 
Kanto Plain. In 1951, these habitats were studied about once a week, or as often as 
weather and other work would permit. A total of 18 observations were made during 
which the numbers and species of all observed birds were tallied. In 1952, the number 
of observations was reduced to approximately one per month per locality, or a total 
of 110 tallies, Since each observation period was for at least ) hours, approximately 
750 hours in 1951 and hLO hours in 1952 were spent on these bird counts, 


In 1951, 112,43 4 of 149 species were recorded. In 1952, the record was 
117,74 4 individuals of 130 species. Because of the proximity of Tokyo Bay to the 
study areas, the importance of ducks in the avian picture was greatly magnified. 


- gince all ducks, except one species, are winter residents, and since no evidence 


linking them with JBE has been obtained, they have been eliminated from the calcula- 
tions for this report. Excluding ducks, the total birds observed for 1951 and 1952 
were 77,360 and 65,853, respectively. The average number of individuals tallied per 
species was 580 and 557, respectively. This would suggest that the bird population 
over the 2 years was quite similar. However, the number of birds per observation in 
1951 was 15 and in 1952 it was 600. Not only did the count go up, but the impression 
ey field observations was that there were more birds in the area in 1952 than in 
1951. 


Six bird species, the Grey Starling, Tree Sparrow, Plumed Egret, Little Egret, 
Black-crowned Night Heron, and Japanese Cormorant each made up more than 5% of the 
counts, cumlatively accounting for 66.4% of all birds observed. As with most numer- 
ical tallies, these figures are misleading. The 6 species are all conspicuous and 


« Bh % 


abundant and in each instance they are colonial. Considering the range of the species 
or its distribution over the area as well as its abundance, only 2 of these abundant 
Species were widely distributed, the Grey Starling and the Tree Sparrow. Two other 
species were widely distributed and made up more than 1% of the observed population, 
the Meadow Bunting and the Brown-eared Bulbul. 


As is usual in most avian populations, the permanent residents were numerous and 
widely distributed, forming the background upon which the seasonal changes of other 
species played. The Carrion and Jungle Crows (Corvus corone and C. levaillantii), 
Blue Magpie, Grey Starling, Tree Sparrow, Greenfinch, Meadow Bunting, Skylark (Alauda 
arvenses), Great Tit (Parus major), Long-tailed Tit (Aegithalos caudatus), Bull-headed 
Shrike (Lanius bucepholus), Brown-eared Bulbul, Little Egret, Black-crowned Night 


Heron, Spot-billed Duck (Anos poecilorhyncha) , Japanese Cormorant (Phalacrocorox carbo), 
18), an 


Turtle Dove (Streptopelia orienta entish Plover (Choradrius alexandrinus) 
are considered as permanent residents, Winter residents included the Rustic Funting, 
Dusky Thrush, Black-tailed Gull (Larus crossirostris), and Black-headed Gull (Loras 
ridibundus). Summer residents included the Great need Warbler (Acrocephalus aruncin- 
aceus), House Swallow (Hirundo rustica), Plumed Egret and Little Tern {Sterne albi— 
frons). Migrants or temporary residents included the Wandering Tattler (Tringa 
Incana), Little Stint (Calidris rufficollis), and Turnstone (Arenaria enterores). 


The study of JPE virus as it was found in the Shin Hama habitat during August of 
1952 suggested that Black-crowned Night Herons played a role in the dissemination of 
the virus in nature. While a similar role has not yet been demonstrated for other 
wild birds, study of widely distributed and abundant species is necessary to assess 
their epidemiological importance. Some of the species of potential importance that 
occur during the period of maximal density of C. tritaeniorhynchus are indicated in 
Table XXVII. 


Table XXVII. Frequency of Wild Birds Potentially Important In The 
Natural History of Japanese B Encephalitis 


% Total % Times 
Species Observed Birds Seen Antibody to JBE Yirus* 
Tree Sparrow 16.6 80 15/91 
Gray Starling 12.6 57 33/239 
House Swallow 2.6 85 7/19 
Crow, Jungle, and 0.6 70 7/83 
Carrion 
Eastern Turtle Dove 0.6 63 3/47 
Bull-headed Shrike 0.4 53 2/21 


#* Expressed as number having antibody to i virus over number tested 
Hammon and McClure, 1951-1952 (12), 


DEPARTMENTAL ORGANIZATION: During the past year the department has been expanded 
to occupy approximately 11,000 square feet of the main laboratory building. This pro- 
vides laboratory space, kitchen facilities, and animal rooms for the 25 to 30 individ- 
uals who comprise the permanent staff of this department. While the scope of several 
problems encountered in the past year has been materially influenced by the limitations 
of space, judicious planning and staggering of work schedules have held this problem 
to a minimun. 


While no great emphasis has been placed upon subdivisions within the department, 
the professional demand and the need for concentrating facilities for certain types 
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of work motivated the establishment of subsections. A serological section, composed 
of a civilian serologist, two enlisted and two Japanese technicians, perform the 
majority of all serological procedures, both for the confirmation of clinical disease 
and for certain experimental problems, Attempts at isolation and identification of 
infectious agents are made by two enlisted technicians. Both these sections are 
administratively supervised by a medical officer whose principal responsibility is 
to provide definitive confirmation of the presence or absence of virus or rickettsial 
infection in the individual patient. This officer, through his relationship with 
the clinicians and laboratory officers of the Command, determines the nature and 
number of specimens necessary for laboratory diagnoses, decides specifically which 
tests to employ on the basis of the patients clinical history, and interprets and 
reports the results of testing to the clinician. The technical efforts of these sec- 
tions are supervised by one or two additional officers as the occasion demands. Be- 
cause of its distinctive mission, the ornithology section, currently composed of four 
individuals, is the third clearly defined division of the department. Remaining 
if personnel are employed upon problems that vary by season and by incidence of disease 
and, for the most part, use facilities of the subsections as necessary. 


f, The administrative responsibilities of the department, since they require but 

if part-time attention, are divided among assigned officers. A veterinarian, in addition 
to his assigned problem, supervises the maintenance and care of laboratory animals. 

An officer, commissioned in the Medical Service Corps, assisted by an enlisted man, is 
te responsible for the supply of material, animals, and equipment for this department as 
j well as the maintenance of installed property. All assigned professional personnel 

f contribute to the training of assigned technicians. 


Mention should be made of the one major difficulty experienced with personnel 
for this department. Neither officers nor enlisted men, trained and experienced in 
virus techniques, are available through normal army replacement channels. Remarkable 
success has been obtained by carefully selecting interested medical officers and en- 
listed personnel with some basic laboratory background from the pipeline. Such offi- 
cers assigned to this department in the past year have included an internist and a 
tissue pathologist. Similar satisfactory results have been obtained with enlisted 
men with backgrounds in civilian life as medical technicians. By minimizing the 
i number of transient personnel assigned to this department, and providing for an 
overlap of personnel in sections, the problems usually created by the loss of trained 
i" individuals have been reduced. 
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DEPARTMENT OF ENTOMOLOGY 


The 1952 work of the Department of Entomology embraced a great variety of activ- 
ities, most of which may be grouped into two categories, namely, surveys of medically 
important arthropods and animal reservoirs of disease in Japan, and Japanese B enceph- 
alitis investigations. Many of the activities in the first of these categories were 
closely associated with hemorrhagic fever investigations in Korea, and to a consider- 
able extent there was overlapping of what might otherwise have been considered separ- 
ate activities. The relationship of various projects, and their bearing on some 
phases of the entomological work in Korea, will be apparent as they are discussed. 


In January of the current year there was outlined an entomological research pro- 
gram in support of investigations of hemorrhagic fever and Japanese B encephalitis. 
This program not only called for specific studies with the supposed vectors and 
reservoirs of these two diseases, but also embraced certain necessary related activ- 
ities, such as general field surveys in Korea, Japan, and Okinawa, and taxonomic 
studies of the ectoparasites of rodents, These related activities were designed to 
correct some of the existing deficiencies in our knowledge of the distribution, inci- 
dence, and biology of certain medically important arthropods, particularly those that 
have the ability and opportunity to transmit hemorrhagic fever, and permit detection 
of any existing correlation between the incidence of the disease and the abundance 
and distribution of possible vectors, 


Limited personnel and facilities precluded implementation of the entire program 
outlined, and the urgency of the hemorrhagic fever studies dictated that this work be 
given priority. Accordingly, with the exception of studies on the biology of Culex 
tritaeniorhynchus, and continued efforts to colonize that species, no investigations 
of specific problems in the epidemiology of Japanese B encephalitis were undertaken 
until June. As the general survey began to delimit certain geographic areas and 
specific groups of arthropods as deserving more attention, ecologic and biologic 
studies of these croups and areas gradually developed within the broader program. 
The more important of these circumscribed projects were studies of the ecology of 
chiggers (Trombiculidae) in the Camp Fuji area, the ecology of black flies (Simulii- 
dae) in and adjacent to Tokyo, and the incidence of biting flies in the Kyoto area. 


The organization responsible for these investigations, and for the attendant 
supporting activities not in themselves research, consisted of the central entomolog- 
ical laboratory located in Tokyo, an Ecology Section located at Omiya, Saitama Prefec- 
ture, and a Taxonomic Entomology Section located at Kyoto, Kyoto Prefecture. Although 
the designations for the two sections indicate the primary functions carried on at 
those locations, there was no actual clear-cut division of activities. The locations 
for the sections were dictated by availability of space and qualified personnel; 
studies in the various subject matter fields were carried on to some extent at all 
three laboratories. 


Those activities that are susceptible to statistical treatment are summarized 
in Table I. The significance of the qualifying footnotes to this table will be more 
apparent if the discussion pertaining to those activities is consulted. 


DISTRIBUTION OF MEDICALLY IMPORTANT ARTHROPODS: The paucity of existing reliable 
information on the incidence amd biology of medically important arthropods of Japan, 
other than mosquitoes, indicated the desirability of extending our knowledge in this 
general field. It was deemed particularly important to assemble more detailed data 
concerning the occurrence of actual or potential animal reservoirs and vectors of 
human diseases in the vicinity of bivouaec and maneuver areas. Plans were therefore 
laid for surveys to be conducted in geographically and ecologically representative 
areas of Japan at various seasons of the year. Although these plans could not be 
carried out with the desired degree of thoroughness, the general surveys accomolished 
nevertheless produced a great deal of information of value both with respect to spec- 
ific problems and to the general knowledge of the field. Survey activities were 
carried out in two ways. Almost daily field work involving survey work of some sort 
was accomplished in the vicinity of some or all of the three bases of operation, i.e. 
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Table I. Statistical Summary of Activities 


Collections of Arthropods and Animal Hosts 


Mosquitoes (Culicidae) 


Adults SCeeceSe See eSeeeSeSeSOOSSeeSeSeeeeeeeeeeeoeeeee ee esd 35 ,610 


Larvae and pupae S@eeeeeeeeoeoeseeSeeeeoeee ee eeeeoeeeeeoeeaee eee 120 ,000 (1) 


Black Flies (Simuliidae) 


Adults S@eereeeseeeesceoeeeoeaseeeoeeeoeoeeeoeeeeoeoeoeeeo ee eeeoe eee 317 


Larvae And PUPBE ceccccccccccccesccossccccecesscoceccee 2,777 
td ONS Me 6, cic cacevens canseace shin liekesnacn tae 
Ectoparasites (Acarina, Anoplura, Siphonaptera) ...cessecses 12,000 (2) 
Small] Mammals cescscccccccccscccccccceseccccccesesscsesecese 1,313 

Preparations for Study and Permanent References 


SLIGS MOUNCS coccccaccccchcnccececrashectseeteesesesecesccesé 15,192 
Pinned insects SOCCHC SC SSEHSSHSSSSHSSESSHSSSESSSESSESSSSeSeesetese eee eed 3,535 
Illustrations (species) POCHOHHO SHS SEEOEOT OEE EOE OOOH EOE EESEES 103 (3) 
Black fly rearings COSTS OOOHSE OHH EEE SEH EEO SES EE EE CEOEEOSS 1,747 
Leptospira Dd GUPEO nn cu kbs seaueeeess can thtaents hbaes eae tane 156 
ATIMAL SINS ANd SKULIS scccccccaccecee rcesccnenneenesnsess os Lo 


Identification of Arthropods and Animal Hosts 


Mosquitoes (Culicidae) 


Adults SOSSCSC SCH SHESSHSSHSSSSSSSSeeseeeeeeee Seseoeeseeeeeeoeeesd 3h ,692 
00 


(4) 


u Black flies (Simliidae) COCHCEEOH OSCE SOT EEEEESEEEEEEOEOESO®E 913 (5) 
Miscellaneous Diptera COHOSHSHOS SESH OLE EHOHEOEEE SHOE HELE EEOEE 12,595 
Ectoparasites (Acarina, Anoplura, Siphonaptera) .ecccecsseee 20,000 (2) 
Small Animals SCHHHOT SESH SCESHHSHEHSHOSHEHEEEEHHEOHSEHASEEOHEEHSEOESS 1,437 
Leptospira cultures SOSCSHaSSeseSeeeSeSOeSeSeeeeseeoeeeoeoe seen eeeds 10 


Larvae @eeeeeceoeeeesoeeeeeoeseSeeeeeeeeeeeeeeseeeeeeeeeoe ee 


Transmittal of Reference Collections of Biological Material 


Acarina and Siphonaptera, slide preparations 


i Army Medical Service Graduate School cecccccccccccccces 185 

Hi British Museum (Natural History), England .ccccccoccces 9k 

‘| California Academy of Sciences ..cccccccccccccecccecece 89 

(f Dr... D. Radford, Manchester, England eeoceccceccecssoce 76 

ith Research Institute of Natural Resources, Japan cecccsoe 80 

i! South Australian Museum, Australia ceccccccccccccccccce 96 6) 
if United States National Museum, Washington, D.C. cccccee 1,737 ( 
i) University of Hokkaido, Japan COPECO EH OEEEEOEE EEL eeEee® 78 

ai University of Kansas cccccccccceccccccccecccccscccceccs 90 

4; URIVOPAISY GF Tokyo, JADEN .cenccccvdscsacesasthnatene’ 9h 

i Miscellaneous COSHH SEE SESE HESHSHEEHEO ES ESEHOH EEE OEESEESE 800 (7) 
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Table I. Statistical Summary of Activities Continued 
Small mammal skins and skulls 


Hemorrhagic Fever Research Team COecerecercossesece 36 
37th Preventive Medicine Company ...ccoscccessescee 15 
6th Preventive Medicine Survey Detachment ....ccoce 12 
207th Preventive Medicine Survey Detachment ..eccoce 20 
United States National Museum COSTCO CEOS OOSEOCSLEOEO®S 76 


(1) Estimated; collections primarily to replenish colonies. 
(2) Estimated; some forms identified without slide preparations, 


(3) For each species numerous separate illustrations were made; 
see discussion. 


(4) Represents estimated number of temporary slide mounts to check 
identity of larvae collected to replenish colonies, 


(5) All identifications by Alan Stone, Division of Insect Detection 
and Identification, Bureau of Entomology and Plant Quaran- 
tine, U.S. Dept. of Agriculture, Washington 25, D.C. 


(6) Part actually transmitted in January 1953. 


(7) Estimated; to Eighth Army and Japan Logistical Command prevent ive 
medicine units and individuals engaged in survey activities, 


Tokyo and environs, Omiya and adjacent sections of Saitama Prefecture, and Kyoto and 
environs. In addition to these recurring field activities there were numerous special 
surveys of regions more remote from the laboratory locations. Initially, because of 
the importance of gaining information on rodent and rodent ectoparasites, those stud- 
jes received primary attention. Later, an increasing amount of effort was directed 
toward other groups, particularly black flies (Simuliidae). No effort was made to 
accomplish intensive mosquito surveys, and with the exception of ecological studies 
on Culex tritaeniorhynchus, observations on Culicidae were more or less incidental 
to other activities. The areas and times at which special surveys were conducted 
are shown in Table II. The more important developments from these surveys are sum- 
marized in the discussion which follows, 


Surveys for Ectoparasites of Small Animals - The accumulated data resulting 
from this oars are far too extensive to tabulate in this report, and at the same 
time too meager to assure accurate deductions concerning limits of geographic and 
seasonal distribution or the range of host specificity. The discussions here pvre- 
sented are preliminary in nature and intended largely as a guide to future survey act- 


ivities, 


Various methods of collecting ectoparasites were used during the course of these 
surveys, although the basic approach was to capture the host and examine it. For the 
most part, removal of parasites from the host was by visual examination of the body, 
augmented rf brushing or combing. A modification of the washing technic described by 
Lipovsky (1 for removal of chiggers from their host was used occasionally but not 
routinely. Within the geographic limits of the survey, the more abundant small rodents 
and insectivores were trapped in virtually all the common ecological habitats. Asa |. 
group, birds were poorly sampled. Nests of common birds such as sparrows and swallows 
were examined for parasites. Bat caves were explored on numerous occasions, and cap- 


tured bats examined for parasites, 
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Table II. Special Surveys 


Locality 
Hokkaido 


Hokkaido Pref., Sapporo (Camp Crawford) 
(Camp Chitose) 


Avril, August 


Jozankei August 
Honshu 

Miyagi Pref., Sendai (Ojojihara Maneuver Area) April, July 

Yamagata. Pref., Tateoka (Camp Younghans) July 

Tochigi Pref., Chuzenji September 

Chiba Pref., Kominato Jamary 

Yamanashi Pref., Kofu January, February, 
August 


Shizuoka Pref., Gotemba (Camp Fuji) 


May, August, Sep- 
tember, October, 


December 

Nagano Pref., Kamikochi July 
Gifu Pref., Gifu July 
Kyoto Pref., Maizuru August 

Hanase July 

Kyushu 

Fukuoka Pref., Hakata (Camp Hakata) February 
Oita Pref., Beppu (Camp Chickamagua) June 
Kumamoto Pref., Kumamoto (Camp Wood) June 


Other collecting methods used included vcrocessing of soil samples and contents 


of animal nests through Berless funnels and the use, on one occasion, of laboratory 
mice as bait for chiggers. The plate sampling technic for detection of chiggers was 
also used extensively late in the course of the survey. The exact method used was 

a a i 2) of the black plastic dise technic described by Wharton and 
Fuller. 


Analysis of material assembled permits the following generalizations. In the 
Trombiculidae, but six species representing two genera are known from Hokkaido, 29 
species representing four genera are recorded from Honshu, while similar figures for 
Kyushu and Shikoku are, respectively, eight and two and eleven and two. The Honshu 
fauna contains representatives of all generic groups recorded from Japan except 
Doloisia which is known from Kyushu. Euschtngastia and Aposchongast 2» and Trom- 
bicula subgenus Eutrombicula are not yet recorded from either Hokka ©, Kyushu, or 
Shikoku. Trombic rombiculindus) and Gahrliepia (Walchia) are not recorded 
from Hokkaido. Gahrliepia is not known from tpaska, nor are the subgenera Neotrom- 
bicula of the genus Trombicula and Walchia of the genus Gahrliepia. Trombicu 
(Neotrombicula) and Trombicula (Trombiculindus) are not Known from Shikoku. The 
following graphic presentation of distr ion of chiggers will facilitate compar- 
ison of records from the various islands (Table III). Only described species are 
shown in this table. 


The laelaptid fauna of Japan is not quite as extensive as the trombiculid 
fauna. Laelaptid mites have not been reported from Shikoku, and only 17 species 
have been reported from the other three islands. As in the Trombiculidae, the 
largest number of laelaptid mite species is found on Honshu, 15 species in all. 


The representative species found on both Kyushu and Honshu are Bdellonyssus 
bacoti, Eulaelaps stabularis, Haemogamasus japonicus, Laelaps echidninus jettmari, 
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Table IIl. Island Distribution of Trombiculidae 


(Numbers cited indicate number of collection records) 


Species Hokkaido Honshu Kyushu Shikoku 
Doloisia okabei 1 


Euschoéngastia ikaocensis 13 
Euschongastia miyagawai 
a la sadus 1 
ahriiepia ogatal 

Weoschon actis carveri 
Neoschongastia monticola 

NasectUacastia feenitens 
eoschongastia Segara 

Tromb ‘outs anous 

Trombicula shiraii 

Frombicula wichmanni 

Trombicula akamushi 

frombicula 

Trombicula hasegawai 

Trombicula himizu 

Trombicula intermedia 6 
Trombicula kitasato1 


Tromicula kuroshio 
Trombicula miyairii 
Tromb icula miyajimai 
Trombicula Za 
Trombicula pallida 


omb 1cu s 5 


Trombicula scutellaris 

Trombicula tanaka-ryoi 

Trombicula tenjin 

Tromicula teramurai 

Trombicula tosa 

Trombicula yasuokai 

Trombicuila kochiensis 

Trombicula eee 

Tromb icula amurai 

Tromicula nagayoi x. 


Trombicula pomeranzevi h 
Trombicula faaiyat 
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nuttall4, and Haemolaelaps pease The other eight species which comprise the lae- 
ap auna on Honshu are Bdellonyssus sylviarum, Ichoronyssus sp., Haemogamasus sp. , 
H. li ssoides, H. quadrisetatus, Laelaps kochi, Neoichoronyssus carnitex, and one 
new genus and species. elaps stabularis, Haemogamasus avonicus, an elavs 


jetimart are common to a ree islands. Besides these species, a species of Laelanps, 
eoichoronyssus isabellinus, and N. carnifex are found on Hokkaido. 


Eight species of sucking lice (Anoplura) were taken from the rodents and insect- 
ivores studied. Of these only one, Polyplax reclinata, was taken from an insectivore, 
Crocidura dsi-nezumi, Two species of cosmopolitan distribution, Polyplax svinulosa 
and Hoplopleura oenomydis, were taken commonly from domestic rats (genus Rattus). 


The common wild rodent, Apodemus speciosus, was usually infested by both Poly- 
lax serrata and Hoplopleura SS é@ latter is by far the most frequently 
collected species of sucking Louse on wild rodents in Japan. It is extremely close 

to H. affinis and may not be specifically distinct from that species which was 
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originally recorded from Apodemus agrarius and Apodemus sylvaticus in Europe and has 
since been recorded from the latter host Manchuria and Siberia. Apodems geisha 
in Japan was found to be infested with the same two louse species as A. speciosus. 
H. akanezumi was also taken on Mus molossinus. 

Hoplopleura acanthopus was recovered from Clethrionomys rufocanus and Microtus 
sontabeltt: M. montebe also was infested wi ° =p abscisa, which is extremely 


Closely related to P. spinulosa and sevarable from t species only by the structure 


of the male genitalia. Hoplopleura longula was taken from the harvest mouse, Micromys 
minutus. 


Considering the paucity of our data, distribution records of common individual 
species are probably more reliable criteria for the detection of distribution barriers 
than is the evidence furnished by records of higher taxonomic categories, Elements 
of the holarctic or palaeartic fauna such as Neoichoronyssus isabellinus and Trombic- 
ula pomeranzevi occur on Hokkaido but are not found on others of the Japanese islands. 
Ficob Toile akamushi, the classical tsutsugamshi, has a relatively restricted dis- 

ribution in Japan, being confined to river basins of three prefectures on Honshu, 
namely, Akita, Niigata, and Yamagata, all of which drain into the Sea of Japan. Des- 
pite the wide range of hosts of Trombicula scutellaris, this species has not been 
found on either Hokkaido or Kyushu. Trombicu : far the commonest species in 
the southeast portion of central Honshu, and known to occur on both Kyushu and Shikoku, 
has not been found on Hokkaido. Further, although T. fuji has been taken commonly in 
the central valley area of Yamagata Prefecture, near Tateoka, it was not found during 
rather extensive work at Ojojihara, near Sendai in Miyagi Prefecture, lying east of 
the range of mountains that separates the Yamagata valley from the southeast coast of 
Honshu. 


The surveys thus far conducted indicate that on the basis of the seasonal appear- 
ance of the parasitic larval stage, chiggers of the genus Trombicula fall into two 
general categories: a large "winter" group of species, and a small "summer" group. 
Within these two general categories the occurrence of larval trombiculids tends to 
be influenced by weather conditions. Our discussion will be concerned primarily with 
the former group for which our data are more detailed. 


The so-called "summer" group consists of Trombicula akamushi and T. tosa, with 
T. kuroshio, tanaka-ryoi and an unnamed species probably also to be included since 
they occur during the fall when the weather is still warm. Trombicula pallida might 
be considered to belong to either group, rT ae species Is found throughout the 
year, according to the work of Nagayo et al. 4 These workers show that on voles 
(Microtus), oa has two yearly population peaks, one in May, the other in late 
September and October. These same workers clearly show that valpalis and intermedia 
were most abundant during colder months. With the exception of Trombicula akamushi 
all species belonging to the "summer" group are found south of the central Honshu 
areae 


With respect to the "winter" group as a whole, the accumulated data indicates 
that from about the end of May the larval trombiculid population on rodents declines 
rapidly until the advent of cooler weather some time during September, when the pop- 
ulation increases again. No member of the "winter" group of species in Japan is 
known to be a vector of human disease, although Trombicula intermedia and T. scutel- 
laris have been shown by various investigators (5556) to harbor rickettsiae. Trom- 
bicula pallida has also been shown to be capable of transmitting rickettsiae under 
laboratory conditions. 


In general the Laelaptidae show no such definite seasonal distribution as is 
observed in the larval trombiculids, but our data are too fragmentary to exclude the 
poss ibility that there may be some correlation between seasons and the appearance of 
certain stages of these mites. Of the commoner species of laelaptid mites, such as 


Eulaelaps stabularis, Laelaps jettmari, and Haemogamasus japonicus, there appears to 
be a eather uniform ai ribution o e various sages throug seasons of the 
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year, with the total population remaining relatively uniform. However, Bdellonyssus 
bacoti apparently becomes very scarce during late winter, for an intensive search for 

species during March and early April of 1952 failed to produce more than an occas- 
ional specimen, 


Of the host groups explored, rodents and insectivores support by far the largest 
mite population in terms of numbers of species. Next in importance are birds, and 
lastly bats. Reptiles, which are favored and apparently normal hosts for chiggers of 
the genus Eutrombicula in other parts of the world, have not been shown to harbor any 
trombiculids in Japan. But two species of mites have been taken from bats: Ichor- 
onyssus 8p., and an undescribed Trombicula. Neither of these species is known to 
occur on hosts other than bats. Birds of various species have been rather routinely 
infested with chiggers, including two species of Neoschongastia and four species of 
Trombicula., Of these, the two species of Neoschéngastia and Trombicula anous and 
T. shiraii, are known only from birds, while Tronb ic ula scutellaris and T. wichmanni 
have been recorded from both birds and mammals. ie 


Twenty-nine species of chiggers, representing five genera, are known from rodents 
in Japan. Cf these, nine are known from the so-called domestic rodents, Rattus rattus 
and R. norvegicus. These nine species, namely fuji, kitasatoi, kochiensis, pallida, 
palpalis, scutellaris, sapimess tosa, and wichmanni, all belong to the genus Trombicula 
and, with the exception of tamiyail and wichmanni, all are also known from wild rodents. 
The occurrence of chiggers on domestic rodents is believed to be largely fortuitous, 
and results from the domestic rodents invading habitats normally occupied by wild 
rodents. This appears not to be a rare phenomenon. 


The same factors that are operative in restricting chiggers, in general, to wild 
rodents appear to be important in restricting the common cosmopolitan laelaptid mites 
to the domestic rodents in cities. Bdellonyssus bacoti is not known from wild rodents 
in Japan, although relatively common on domestic rodents in certain areas. Laelaps 
echidninusand L. nuttalli, very abundant mites on domestic rodents, are rarely found 
‘on Wild rodents, L. jettmari, common on wild rodents, is but rarely found on domestic 
species. Thirteen species of laelaptid mites have been collected from wild rodents 
and six species from domestic rodents. Haemogamasus sp. from Microtus montebelli, 
Haemogamasus 1Jponyssoldes from Dymecodon Tiresteia, and Laelaps sp. from Clethrion- 
omys pp ve not been found on any other hosts. More significant are the data 
concerning an as yet unnamed genus and species of laelaptid mite which has been found 
only on Urotrichus talpoides in both the Kyoto and Camp Fuji areas. 


With regard to the chiggers of wild rodents and insectivores, our data are not 
sufficiently detailed to indicate whether or not host preference or chance are the 
factors determining the observed host-parasite relationships. A new Trombicula 
(Trombiculindus) from the Kyoto area occurs primarily on Urotrichus, Indicating a 
strong host preference. On the other hand, such species as Trombicula scutellaris 
appear to be adaptable to a wide range of hosts, being known from a total of 19 dif- 
ferent host species distributed in the Carnivora, Insectivora, Rodentia, and five 
orders of Aves. In general, it seems that most of the species of Trombicula will 
attach to and engorge upon any of the Rodentia available, although some may show 
decided host preference in certain localities. For example, all records of T. inter- 
media from Hokkaido are from Clethrionomys, although the species is recorded from 
other hosts on Honshu. Similarly, at Jozankei, Hokkaido, Trombicula pomeranzevi was 
found in moderate numbers on oer onores in August but was virtually absent from 
Apodems in the same habitat, althoug e latter host was far more abundant. An 
uncescribed genus and species of laelaptid mite found on Urotrichus may be an example 
of true host specificity. Obviously much additional study will be required to clarify 
the host-parasite picture, 


The site of attachment of chiggers on the host is frequently definitive. For 
the most part chiggers are found attached at those anatomical areas on a host where 
the hair is sparse, such as around the genitalia, axillary region of the forelegs, 
areolar area of the mammary gland, and around the eyes and ears, Certain species of 
chiggers appear to have preferential sites for attachment to a host. These 
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observations are not intended to imply that location on a host is fixed for a chigger 

species, but the occurrence on certain parts of a rodent host tends to give some clues 

as to what chigger species are present in a given area trapped. At Sapporo, Hokkaido, 

Trombicula miyazakii collected from Clethrionomys rvufocanus was observed to be primar- 
im la pome 


tly on the ear rim, whereas Trombicu pe ranzevi was deep in the ear conch on the 


same host. At Ohara, Kyoto prefecture, the pale chiggers attached about the eyes of 
Apodemis were Trombicula intermedia, the red species that was found deep in the ear 
conch was Trombic uji, and another red species that was attached on the rim of the 
ear was Trombicula a. In the Camp Fuji area during September 1952, a few eleva- 
ted volcano-shaped wheals were observed on the abdomen of Apodemus , and chiggers were 
attached deeply and engorged. Subsequent identifications proved them to be Trombicula 


scutellaris, which also shows a tendency to attach in and around the ears. 


Camp Fuji Chigger Studies. A series of five surveys were made in the 
Fuji maneuver area‘during 1952. These surveys were scheduled to permit séasonal sam- 
plings of the arthropod fauna and were conducted on the following dates: 22-2) May, 
26-30 August, 22-29 September, 7-11 October, and 15-20 December. The area was chosen 
for observation for two reasons: first, scrub typhus cases are known to have been con- 
tracted in this region by troops in 198 (7), and second, this was the only readily 
accessible maneuver area for conducting successive surveys. Although the work covered 
the same fields of study as the general surveys, it became apparent as the work pro- 
gressed that the chigger data were of particular interest. Accordingly, increased 
emphasis was placed on the acquisition of data on the seasonal and host distribution 
and ecology of chigger mites. The discussion which follows deals with this phase of 
our studies, 


The studies carried out were limited to a relatively small region on the north- 
east slope of Mt. Fuji at elevations of from approximately 2,000 to 4,000 feet. The 
northern limit of the surveys was in the vicinity of the Kyu-Kamakura highway near 
Kagosaka Pass in Yamanashi Prefecture; from this locality to about 300 yards beyond 
station No. 1 on the Gotembaguchi trail, a number of selected areas were studied. 
For convenience in the tabulation of data, the various areas investigated were num- 
bered serially. The location of these restricted areas within the general Fuji man- 
euver area is shown in the accompanying sketch map of the region, Figure l. For a 
more detailed map of the region see Army Map Service map AMS L87h, 1945, Central 
Honshu 1:25000, sheets 5853 II SE, 5852 I NE, 5852 I NW and 5853 ITI SW. 


Most of the region surveyed is rather uniformly covered with a thick layer of 
voleanic rock waste of soy bean size and smaller. The soil is generally shallow and 
in some sections exceedingly spotty. Deep soil is found only along the margins of 
some of the larger drainage courses. The vredominant vegetation consists of various 
species of grasses ranging from short to medium height, interspersed with shrubs and 
occasional mature deciduous and evergreen trees. With the exception of Areas 1 and 
9, the individual areas surveyed consist mostly of the marginal areas of a series of 
streams which traverse the area to the north of Camp Fuji. These streams have cut 
moderate to deep gullies in the volcanic soil and the narrow stream beds have small 
deposits of alluvial soil. Marginal vegetation consists of heavy growth of grass 
and shrubbery with some patches of club moss. Away from the stream margins small to 
medium size trees, both coniferous and deciduous, are found in greater numbers. In 
areas |} and 7 grass predominates and shrubs and trees are widely scattered. These 
areas are rather level and are not traversed by well-defined water courses, The 
soil surface litter is comprised of a thin layer of grass and leaves, In area 
thick patches of moss are occasionally found. 


Area 1 is the most heavily forested of the sections surveyed. The forest is 
rather mature and has apparently been harvested regularly. The forest floor is cov- 
ered with considerable leaf mold, coniferous needles, lichens, and sparse grass. 
This area is at about ),000 feet elevation on the slope of Mt. Fuji and is well 
drained. A wide volcanic ash slide transects the area. 


Area 9 is located outside of the area of volcanic rock waste and the soil is 
composed largely of clay and gravel. Vegetation consists of deciduous and coniferous 
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Figure 1. Map of Camp Fuji and Vicinity 
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trees of moderate height with extensive deciduous undergrowth. The area is well 
drained and the soil has a thin layer of humus and fallen leaves. 


A total of 13 species of chiggers representing four genera were encountered dur- 
ing the Fuji surveys. The distribution of these species by area is indicated in Table 
IV. These surveys served to support the general observation that larval chiggers were 
very scarce during the summer, both numerically and in numbers of species encountered. 
Four species of chiggers were collected in May, two in August, six in September, seven 
in October, and ten in December (Table VI). In August, scattered specimens of Neo- 
schongastia posek were taken from birds, and a single specimen of Tromicula 
nagayoi from a rodent. The autumn increase of larval trombiculids was detected during 
the Noatenber survey. From 22-26 September chiggers were relatively scarce and only 
14 specimens were recovered from 57 rodents. Heavy rains began on the night of 
25 September and continued intermittently through 26 September, Beginning on 27 Sep- 
tember chiggers were relatively abundant in all areas investigated, and many un- 
attached specimens were taken from trapped rodents. Most chiggers found attached to 
rodents at that time were unengorged, indicating recent attachment. Of the chigger 
species present in September, Tromicula scutellaris was most abundant, with Trom- 
bicula pallida and Trombicula ja ca common, No specimens of the common Trombicula 

uji were taken at that time, bu ctober both Trombicula pA and Trombicula es 
yajimai were taken. During December Trombicula aniyat and chongastia miyagawai 

were added to the growing list of chiggers found in this region. Trombicula rage was 

taken in all areas trapped except Area 1, which is at an elevation of about hj, 

feet. T. nagayoi, known from Hokkaido and mountainous areas near Kyoto, was taken 

only in Area I. 


Table IV. Distribution of Chiggers in Vicinity of Camp Fuji, 1952 


Area 

Species A oe 3 ee ee, 8 9% 10% lle | 
E. ikaoensis xX xX 

° awa xX X xX 
G. x x x 
N. from bird, no area , 
Ts Xx x aie? x »¢ x xX | 
ae Xx Xx X : 
T. xX ; 
T, X X : 
T. : 
T. Lurk : 
7, eS Sa ee et X 
T. X 
T. x 


* Area 9 trapped only in May; areas 10 and 11 not trapped for rodents 


By far the bulk of the chigger material was taken from trapped rodents and insect- 
ivores. A total of 312 small mammals and 18 birds were taken and examined for ectopar- 
asites. In addition, chiggers were also collected by means. of the plate sampling technic 
and rodent baiting. The species of chiggers collected from the various hosts and by 
different methods are shown in Table V, those collected during the different surveys in 
Table VI. Only those host species found positive at some time during the survey are 
included in Table V. The small mammals examined for ectovarasites, listed in order of 
abundance, are shown in Table VII. A total of 18 birds representing seven species were 
examined, the following three species being negative for chiggers: Emberiza cioides 


ciopsis, E. spodocephala personata, and Nycticorax nycticorax nycticorax. 
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Table V. Hosts and Methods of Collection of Chiggers, Camp Fuji Survey, 1952 


i 
m4 i 
n od “aA od od w } 
o oe as ra g 8 g “4 o Be Bs rt | 
eas ae ee ae ee ee | 
8 3 ee ecm fee: Game! Glu iaiece Oe ome Reagne: aca. i 
§ “4 3 8 3 o par aa Ps} ag o o | H 
dd g n H “4 =| a n » } 
bak: eee cee ge eee eae ea, ak ed a | 
| 
Rodents: i 
A. geisha Xx pi: es eee 
A. speciosus x X ee Se Ae Ey x | 
M. montebelli X pas ¢ X X i 
WM. minutus rE 
Insectivore: | 
U. talpoides x X x X | 
Birds:* | 
C. s. minor X | 
ae oer ¥ iV 
T. t. gatus X 
Mite Plate: xX X xX xX 
* Chloris sinica minor H 
Emberiza fucata fucata 
Saxicola torquata stejnegeri 
Troglodytes i 1 es umigatus 
Table VI. Seasonal Distribution of Chiggers, Camp Fuji Survey, 1952 
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Table VII. Small Mammals Examined for Ectoparasites, 
Camp Fuji Survey, 1952 


No. Examined 


Rodents: 


Apodemus speciosus 214 
Apodemus zetia 22 
Clete fone smithii 6 
Microtus montebell1 5 
2 
1 


See 
Glirulus japonicus 
Micromys utus 


Insectivores: 
Urotrichus talpoides 61 
Crocidura dsi-nezumi 1 


+ Apodemus speciosus was by far the commonest species of rodent in the region sur- 
ib veyed. Both A. speciosus and A. geisha belong to a genus of woods mice widely distrib- 
oi uted throughout Europe and northern Asia. Both species were taken in all ecological 

3 habitats trapped; typically they inhabit hilly, marginal agricultural land. 


ay The meadow vole, Microtus montebelli, is a short-tailed mouse found typically 

4) in open fields and river flood plains. It has been found to be a reservoir of the 

Ht scrub typhus rickettsia in endemic areas including those in Niigata Prefecture, Japan. 
if In the Fuji area surveys, Microtus was taken three times in area 7 which is an open 

Hf grass-covered area, and twice on the margins of the stream in area 5. Of these two 
areas, the former is the more typical habitat, 


Gtethy sonotys smithii, the red-backed vole, an inhabitant of scrub covered hill- 
sides and forest floor, was taken in areas 3 and 8 which generally fulfill these re- 
quirements. This species and the meadow vole are both members of the subfamily 
Microtinae,. | 


Micromys minutus, the Old World harvest mouse, is a member of the rodent subfam- 
ily Murinae, superficially resembling the house mouse in size and coloration. It is | 
typically an inhabitant of grassy flood plains where it builds a nest of grass which ; 
is fastened to clumps of grass or weeds 2 to 3 feet above the ground, and resembles 
nests of certain birds. One specimen of this species was found in area 7. 


Although the number of birds taken is too small to permit generalizations con-_ 
cerning host-parasitic relationships, all four of the species found infested fre- 
quently feed on the ground. 


The animal baiting method and the plate sampling technic were used in an effort : 
to determine the exact micro-environment in which larval chiggers occur. Although | 
the animal baiting method resulted in one positive test, the technic is of limited 
value because of high mortality of animals, the difficulty of recovery of chiggers, 
and the time involved in preparation and subsequent inspection of the animals used. 
The plate sampling technic, although used only during the December survey, appears 
to have all the advantages of the animal baiting method, and few of the disadvantages. 


From a total of 23 "mouse nights" of baiting in areas 3, h, and 7, specimens of 
Trombicula scutellaris were obtained with one mouse placed just inside the entrance 
of a rodent burrow in area 7 on the night of 9 October. The chiggers were attached 
in the ear and around the anal region. Attempts to isolate rickettsiae from this ' 
mouse, from 21 specimens of Apodemus speciosus, and numerous chigger samples from 
trapped rodents from the Fuji area were all unsuccessful. 
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Four species of chiggers were found in 9 of approximately 120 plates exposed 
during the December survey. These plates were used in all areas except number 9, 
and revealed a very spotty distribution of chiggers even within the limited areas 
known to produce chiggers by rodent trapping. It was of interest to note that 
plates placed in or near rodent runs and burrows were not particularly productive 
as compared with those set on the ground more or less at random. Although some of 
the plates were exposed for as long as five minutes, exposure beyond two minutes 
seemed to result in no increase in productiveness, 


Positive results with chigger plates were obtained in areas h, 6, 10, and 1l. 
By this method Euschongastia miyagawai was taken in all four areas, Trombicula fuji 
and T. tamiyai in Area |, and T. scutellaris in Area 11. In one instance two spe- 
cies of chiggers (E. miyagawai and T. fuji) were taken from a single plate, and in 
another instance, in cr specimens from two exposed plates were not kept separate, 
E. miyagawai and T. scutellaris were in all likelihood mixed on a single plate. In 
all ecoiogical habitats in which chiggers were taken by the plate method, the soil 
was loose, highly porous volcanic ash with a light covering of grass and leaves or 
moss and pine needles. All positive plates were exposed between 1000 and 1630 
hours, at air temperatures of approximately 0°F. 


In our present state of knowledge there appears to be no direct correlation 
between trapping site and species or number of chiggers taken in the Fuji area. 
The number of species of chiggers taken from a given area appears to be roughly 
correlated with the number of rodents trapped and examined. Of the species of 
chigger encountered, five species, namely Trombicula aes T. miyajimai, T. vallida, 
T. palpalis and T. scutellaris, belong to the subgenus Leototrombidium, to which 
allo known or suspected disease vectors among the Japanese chiggers belong. 
On the basis of seasonal appearance of the parasitic larval stage, assuming that 
the 1952 experience is typical (which is by no means necessarily true), T. pallida 
and T. scutellaris would appear to be the most likely vectors during late September 
and October, the period during which the 1948 cases must have been contracted. On 
the same basis, T. fuji, the species found most abundantly in the Camp Fuji area 
in late October and early November, and T. miyajimai, would appear to be remote 
possibilities, while T. palvalis, which was not taken until December, would be ex- 
cluded from consideration. 


Correlation of Ectoparasite Surveys of Japan and Korea. Inasmuch as 
early efforts to solve the vroblem of the transmission of hemorrhagic fever by lab- 
oratory methods were unsuccessful, the investigations turned naturally to a consid- 
eration of the epidemiologic approach. Working on the assumption that rodents or 
other small mammals were the natural reservoir of the disease, and that some rodent 
ectoparasites were probably responsible for its transmission to man, extensive sur- 
veys of rodents and rodent ectoparasites were undertaken by Eighth Army preventive 
medicine units in Korea. As with all such surveys, the identification of the assem- 
bled material proved to be the limiting factor in the analysis of data. The Depart- 
ment of Entomology undertook this task, which required extensive research on the 
taxonomy of rodent ectoparasites in order to accomplish the identification of 
several thousand specimens of mites, fleas, and lice. Korean material studied was 
largely collected between November, 1951 and April, 1952. Although the rodent 
ectoparasite surveys in Japan were planned as part of a comprehensive study of the 
medically important arthropods of this region, the importance of information of 
this type in connection with the hemorrhagic fever problem was immediately apparent. 
Not only was it desirable to know what potential disease vectors that occurred in 
Korea were also present in Japan, but a comvarison of the two faunas with particular 
attention to seasonal, host and geographic distribution, and the general ecology and 
biology of the Japanese species seemed of probable importance in facilitating stud- 
ies of the same or closely related species in Korea. Following is a preliminary 
discussion of those phases of our rodent ectoparasite studies that have a rather 
direct relation to the entomological surveys in Korea. 


Eight species of fleas (Siphonaptera), five species of chigger mites (Trombic- 
ulidae), and eight species of laelaptid mites (Laelaotidae) varasitic on rodents 
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have thus far been shown to be common to both Javan and Korea. No doubt contimed work 
will reveal others. The rodent ectoparasites found in both countries are listed in 
Table VIII. 


Table VIII. Rodent Ectoparasites Common to Japan and Korea 
Insects 


Siphonaptera - Xenopsylla cheopis 
ex irritans 


Stenocephalides canis 
aradoxops us curvispinus 
Monopsylius anisus 


osopsyllus fasciatus 
Leptopsylla segnis 


Wreqadttin bale ccngene: 


Acarina 


Laelaptidae - Bdellonyssus bacoti 
€laclane stabularis 
Laelaps echidninus 


elaps jettmar 
Taelaps nu 


Haemogamasus japonicus 
Wacnotseta S glasgo 


Neoichoronyssus carnifex 
Tromiculidae - Euschongastia ikaoensis 
Trombicula aponica : 
Trombicula nagayoi : 
Fronb icula salpalie 


Several of the above indicated species, such as Xenopsylla cheopis, Pulex irritans, 
Nosopsyllus fasciatus, and Bdellonyssus bacoti, are important disease vectors of cosmo- 
soliten distribution. Others, sack as Ctenocephalides canis, Leptopsylla segue? Lae- — 
laps echidninus and L. nuttalli, have an equally wide distribution Et have e r not 

een recognized as vectors of human diseases, or appear to be of little importance in 
this connection. Most of the other listed species of fleas and laelavtid mites are 
known to have a wide distribution in the Far East, and the occurrence of some of them 
in both Japan and Korea would be expected, since the distribution of parasites of domes- 
tic rodents is frequently co-extensive with the distribution of the rodents. Prior to 
the studies accomplished during the past year, there was little informtion available 
that would permit comparison of the chigger fauna of Japan with that of Korea. 


In Japan Xenopsylla cheopis appears to be exceedingly scarce during the winter 
months, A search of some O00 domestic rodents (Rattus rattus and R. norvegicus) 
trapped in Tokyo and urban localities in adjacent Saitama Prefecture during the period 
February-April 1952, vroduced no specimens of the oriental rat flea, At no time in 
our surveys has the species been taken from wild rodents, The dog flea, Ctenocephal- 
ides canis is very common on dogs and cats in Javan, and can be found at practically 
any season. The cat flea, C. felis is exceedingly rare. Comparable data from Korea 
are not available for these two species, 


Monopsyllus anisus, Nosopsyllus fasciatus, and Leptopsylla segnis are common on 
domestic rodents in Japan and Korea. Ctenophthalmus congener occurs on the two spe- 


cies of domestic rodents and is also found commonly on Epodemis and Clethriono on 
Honshu. On Hokkaido C. congener is represented by a distinct subspecies. Saraiox- 
arelL 


opsyllus curvispinus is rarely encountered. 


= % % 


Of the laelaptid mites listed in Table VIII, all except Haemogamasus japonicus 
are recorded from both wild and domestic rodents. H. pe pontcns is known only from 


wild rodents and insectivores, Significant features of host and geogravhic distri- 
bution of the Laelaptidae of Japan have been summarized above, 


The chigger mites parasitic on rodents appear to be vrimarily associated with 
the wild species rather than domestic rodents. This host relationship, in addition 
to the fact that Trombiculidae are obligatory parasites of vertebrates only in the 
larval stage, and this for a relatively short period of time, would naturally mit- 
igate against widespread distribution of the species through the agency of man. 
Unlike the distribution pattern of ectoparasites of domestic rodents, the distri- 
bution of chiggers is therefore exceedingly difficult to predict. The available 
information concerning the listed chigger species is summarized in an attempt to 
point out significant features, 


All the chiggers excepting Trombicula nagayoi appear to belong without question 
to the "winter species" group. The seasonal Steels of T. nagayoi is not clear, due 
to paucity of collection records, but the species has been taken in late August and 
September in the Mt. Fuji section of central Honshu, and from Hokkaido in September. 


All species excepting T. tamiyai have been taken from wild rodents in Japan, T. tam- 


iyai was originally described from material taken from domestic rodents from Hachijo 
tend in March, but has also been collected by the plate sampling technic in the 
Camp Fuji area in December. In the latter locality it is very unlikely that domes- 
tic rodents serve as hosts for the species. In Korea T. tamiyai has a fairly wide 
distribution and has been taken commonly from domestic rodents and occasionally 
from Apodemis agrarius. It should be noted in this connection that in Korea many 

of the domestic rodents taken were trapped under field conditions, as is also true 
of the rodents trapped on Hachijo island. 


Geographically, the distribution of these species in Japan is interesting. 
With the exception of T. palpalis and T. nagayoi which occur from the Yamanaka sec- 
tion of central Honshu north to Hokkaido, att are limited to the southeast side of 
central Honshu. None is recorded from the southern islands of Japan, or froma 
region which might imply a tropical distribution. On the contrary, the general dis- 
tribution of the five species would appear to be in a north temperate region. Of 
the five species, only T. palpalis belongs to the subgenus Leptotrombidium of the 
genus Trombicula, which schta is the so-called "vector-group" of species. All five 
have been taken in the Camp Fuji area, where the most striking features of the 
ecology of the regions studied are the loose, exceedingly porous volcanic ash sub- 
stratum, thin soil layer with relatively low water-holding capacity, and generally 
rather sparse vegetative cover. In this area T. spp was one of the three 
species the larval stages of which appeared in numbers following late September 
rains. 


Black Fly Studies - Black flies (Dintera: Simuliidae) are of considerable 
importance as pests in many areas in Japan, although not known to transmit any human 
disease in this region. However, in other parts of the world certain species of the 
family act as vectors of pathogenic organisms, and for this reason the group must 
be considered as of potential medical imoortance, quite aside from their ability to 
cause discomfort. bie available information on the ecology and distribution of 
black flies of Japan ‘5,9,10) is scanty, it was decided to carry out studies along 
these lines whenever possible. In addition, black flies or "buyo" were of suffic- 
ient abundance and importance in dependent housing areas in Tokyo to indicate need 
for a special study of that section. During the mid-summer period the Grant Heights 
dispensary reported that "buyo" bites were responsible for more complaints than any 
other single affliction. 


To most individuals the "bite" of a black fly is at most a mild annoyance; to 
some it is not even that. But to those unfortunate few who are susceptible to the 
bites a relatively small number of black flies can be a veritable scourge. In the 
typical reaction of a susceptible individual, the bite is vainless, but is followed 
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in a short time by the development of a small hemorrhagic spot. Within a few hours 

@ papular lesion develops at the site of the bite, later becoming a vesicular lesion 
that may persist for days or weeks. Intense itching begins shortly after the bite, 
and may return periodically, even after the lesions have healed. The itching, and 
resultant scratching, may cause secondary infection of the lesions. Fortunately, 

the standard insect repellents are effective in preventing bites, if used conscien- 
tiously. Further, although black flies are very wide-spread in Japan, they apparently 
seldom occur in the enormous numbers that make them unbearable pests in certain re- | 
gions of northern United States, Canada, and Alaska. 


The larval stage of black flies is passed in flowing water. Different species 
show rather marked differences in preference (or tolerance) of aquatic habitat, some 
being found only in very swift, cold water, and others occurring commonly in warn, 
rather sluggish, slightly polluted water courses. Some species are adaptable to a 
considerable range ‘of conditions; as would be expected, these are the more common 
; and widely distributed forms. Pupae are found in the larval habitat. The mature 
larva spins a pupal case attached to the larval anchorage, and pupates within the 
‘t completed case. When ready to emerge the adult floats to the surface of the water 
i enclosed in a bubble and takes flight upon reaching the surface. 


hi Only females seek blood meals, although males may be present in the swarms 

if around a host, The adults are strong fliers, and may be found up to several miles 
from their larval habitat. Although certain species appear to vrefer specific hosts 

for a blood meal, the common and widely distributed pests of humans will feed ona 

hi considerable variety of hosts. 


Fa In this survey plants, rocks, and various debris in water courses were searched 
i for the presence of attached larvae and pupae. Whenever vossible vupae were placed 

il separately on a piece of moistened vaper towel in a small (9 ml) screw cap vial and 

:t held for emergence of the adults. The emerged adult, and associated pupa and pupal 

i case were preserved in 70% grain alcohol. 


ul In general, two types of terrain were investigated; the low and relatively flat 
i, Kanto plain, inland from Tokyo Bay, with an elevation of approximately 100 feet or 
Hi less, and the hills of central Honshu at elevations of from 1500 to 3500 feet. In 
both regions immature stages of black flies were found almost exclusively attached 
to plants and debris, seldom on rocks, and in greatest abundance on plants growing 
in shallow water, although the marginal vegetation of deeper streams was also fre- 
quently heavily infested. The largest concentrations of immature stages were found 
in small streams, canals, and roadside ditches, 


Streams and small canals in the hilly regions studied were in general cool, 
clear, and swift, whereas those in the Kanto plain were warm, comparatively slow, and 
occasionally slightly polluted. In both regions there was a relatively uniform rate 
of flow in the water courses, and no periodic flushing of the streams by greatly in- 
creased heads of water. The different ecological conditions were reflected in the 
black fly species encountered. 


A total of nine species, three as yet unidentified, have been collected and 
reared during the course of these studies, The most wide-spread species are Simul- 
ium venustum and S. salopiense. They are also the most abundant in Tokyo an 
environs. in the higher elevations other species such as S. latipes, S. tuberosum 
or one of the unidentified species is likely to be more abundant. 5S. ‘salopiense 
and S. venustum conform to the ecological classification of "lowland" Species given 
them by Smart (11) in writing of the British Simuliidae. They are capable of de- 
veloping in relatively slow-moving and somewhat polluted streams, but immature 
stages are found most abundantly in shallow water courses with a steady current. 


The black fly survey of Tokyo was initiated in mid-September 1952. Since it 


was not possible to make a complete survey of the city and environs, work was Lim- 
ited to a roughly semi-circular course through outer Tokyo, and to selected areas 


oo Me 


within and northwest of the city proper. The geographic extent of the survey, and 
the areas in which black fly breeding was found, are shown on the associated map, 
(Figure 2). Only two black fly breeding sites (Areas 11 and 18) were found between 
"L" Avenue and Tokyo Bay, none between "N" Avenue and the Arakawa drainage. In 
terms of general topography, black flies were developing only in the higher sections 
of the city. Streams in the non-vroducing area were either very slow, very polluted, 
or lacked vegetation. However, it is probable that earlier in the season black fly 
breeding occurred over a wide area, for adult flies were known to have been trouble- 
some in the Washington Heights and Ueno Park sections. Of the breeding areas located, 
the streams to the northwest and southeast of Grant Heights (Areas 1, 2, 3, 16, and 
17) had the highest concentrations of immature stages, The typical breeding site in 
the Tokyo area is a small stream 6 to 8 inches deep, current steady and with a sur- 
face speed of about 2 feet ver second, stream bed silt, without rocks but often with 
a growth of Sparganium or similar aquatic vegetation. 


The surveys revealed the presence of at least six species in the Tokyo area. 
During the period September to November venustum and salopiense were the commonest 
forms and occurred in approximately equal numbers. parine this same period three 
other species were present in small numbers. By late December still another species, 
as yet unidentified, predominated in the areas under study. It appears that the 
common summer species, venustum and salopiense, largely disappear with the advent of 
cold weather and are replace one or more "fall" species. Adult black flies were 
_ present and annoying on warm days throughout December, but apparently neither venus- 
tum nor salopiense was present, although these two species were among those reared 
from pupae collected on 18 November, 


Studies on Biting Midges - In connection with a general survey of biting flies, 
detailed records were made at Kyoto, Kyoto Prefecture, on the relative abundance 
of various species of biting midges (Ceratopogonidae) taken in a light trap. A 
total of nine species, representing three genera, were taken between 2 May and 
30 November. Peak populations of the combined species of biting midges occurred 
during the last half of August. The species represented in the collections, and the 
proportion of the material belonging to each species, are shown in Table IX. 


Table IX. Collections of Biting Midges; Kyoto, 1952 


Species Females Males Total % of Total 
Culicoides arakanae (Arakawa) 24,12 322 273k 8h; 64 
Culicoides oxystoma Kieffer 129 29 158 4.89 
coides sp. new 39 0 39 1.21 
Culicoides erairai Kono et Takahasi 35 h 39 7,21 
Culicoides eopeeozie Tokunaga 20 ) 20 0.62 
Culicoides unensis Tokunaga 16 0 16 0.50 
Culicoides sp. 9 0 9 0.29 
ore metatarsis Tokunaga 149 8) 1h9 h.89 
asyhela sp. 66 0 66 2.03 

2875 Boo i Bae 


Taxonomic Studies - Problems in the identification of large quantities of rodent 
ectoparasites from Japan and Korea clearly indicated the need for critical taxonomic 
studies of certain arthropod groups, Literature dealing with the medical entomology 
of Korea (12) was particularly deficient. Accordingly, studies of the mites and 
fleas parasitic on small animals were undertaken. By correlating the taxonomic stud- 
ies of the Japanese ectoparasites with those on the Korean fauna the value of each 
study was enhanced. The better known Japanese fauna served to lend perspective to 
the Korean studies, while at the same time it was possible considerably to extend 
our knowledge of the potential disease reservoirs and vectors present in each re- 
gion. 
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The taxonomic studies undertaken were coordinated closely with those of leading 
Japanese investigators in the respective fields. Two general types of publications 
were planned; first, illustrated diagnostic keys and synoptic treatments of the com- 
moner material encountered, and, second, critical basic studies to differentiate all 
closely related species and forms. The first of these objectives was accomplished 
for both the mite and flea fauna throged, preparation and issue of illustrated synopses 
of these groups in Japan and Korea Considerable progress was made toward the 
second objective, Illustrations used in these technical papers were prepared by a 
staff of artists of the Taxonomic Entomology Section. Following is a tabulation of 
illustrations made for the more important of the taxonomic studies, 


Siphonaptera (23 species). For each species the following 
illustrations were mde: 


Male - head, prothorax, and coxa I; mesothorax and metathorax; 
sternite and tergite VIII; clasper, finger and ster- 
nite IX; enlarged drawing of finger, 


Female - terminal segments; outline of sternite VII; anal sty- 
let. 


For certain fleas, tarsus, coxa Ill, and antenna were also 
drawn. 


Trombiculidae (5) species). For each species the following 
illustrations were made: 


Dorsal-ventral views of body; gnathosoma; scutum. 


Laelaptidae (12 species). For each species the following 
illustrations were made: 


Male - body; gnathosoma; chelicera. 


Female - body, gnathosoma; chelicera; sternal plate; peri- 
tremal tube of coxa IV; anal plate. 


Same of protonymph and deutonymph, when available, 


Identification of Korean Sur Material - At the time the hemorrhagic fever 
surveys were initiated, our knowledge sf the rodent ectoparasite fauna of the Far East 
was far too fragmentary to permit ready identification of much of the material encount- 
ered. Beginning in December 1951, and continuing through March 1952, most of the rodent 
ectoparasite material assembled by Eighth Army vreventive medicine units was referred 
to this Department for study and identification. This arrangement proved mutually 
advantageous; it made the material from extensive field studies available for taxonomic 
study, and, as differentiation of the component svecies became possible, it made avail- 
able to the submitting organizations data on the geographic and host distribution of 
those species. As a direct result of these surveys it was known early in 1952 that 
the rodent ectoparasite fauna within the then known limits of hemorrhagic fever distrib- 
ution was qualitatively not different from areas outside the endemic area of the dis- 
ease, thus indicating the necessity for more refined technic in the epidemiologic 
approach to the problem. Since all pertinent data were made available to personnel 
directly engaged in a study of hemorrhagic fever, no detailed analysis of ectovarasite 
distribution was attempted by this department. 


JAPANESE B ENCEPHALITIS INVESTIGATIONS: There exists a wealth of information which 
suggests strong y Culex tritaen or chus is the vector of human cases of Japanese 
B encephalitis (15). The researc Pp or 1952 was primarily directed toward extend- 
ing our knowledge of the role of herp panty chus. The work actually carried out, in 
part in close cooperation with the Sccertaect of Virus and Rickettsial Diseases, em- 
braced three separate but related projects: (1) the biology of Culex tritaeniorhynchus; 
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(2) JBE experimental infection in mosquitoes; (3) the role of birds in the epidem- | 
iology of JBE. 


Biology of Culex tritaeniorhynchus - Considerable attent'iion has been direc- 
ted toward the a of the feeding habits, seasonal abundance, and general ecology 
of Culex tritaeniorhynchus. Knowledge of factors such as these is not only necessary 
for a complete picture of its importance as a vector but also valuable in devising 
means to eliminate or mitigate its attacks. Furthermore, the manipulation of a lab- 
oratory adapted colony of this species would vresumably be the most expeditious way 
to study its relationship to the virus of Japanese B encephalitis, Indeed, it is 
probable that some information of that nature will remain unavailable until such a 
colony is established. Laboratory adaptation of these mosquitoes might also solve 
the mystery surrounding their fate in Javan during the winter months, for repeated 
attempts at finding any stage of tritaeniorhynchus during the colder months have 
failed. \ 


Studies were begun in the Omiya area of Saitama Prefecture in August 1951 and 
continued during 1952. The primary effort was directed toward the establishment of 
a laboratory adapted colony of the species which might serve as a source of stock 
for virus transmission studies, and for determination of the responses of the mosqui- 
toes to various environmental stresses. These studies were made more difficult by 
a very low population of tritaeniorhynchus. The collections which were made consis- 
ted almost entirely of immature stages and adults which were actually emerging at 
the time of collection. A statistical approach to the measure of population levels 
was not attempted due to the limitations imposed on personnel by other duties. Fur- 
ther, previous work appears to have already established, beyond reasonable doubt, 
that major epidemics of the disease in Japan are associated with an explosive rise 
in the mosquito population. : 


Field Observations. Previous workers have noted repeatedly that the 
initial population of tritaeniorhynchus is confined almost entirely to rice paddies. 
LaCasse and Yamaguti TO) recorted that collections during May through June were 
confined almost entirely to fresh ground water though there appeared a greater and 
greater diversity of habitats as the season progressed. Of pvarticular note was the 
marked increase in rate of incidence in polluted water, particularly in artificial con- 
tainers. Collections after 10 August 1951, were confined almost entirely to artific- 
ial containers, which were largely diluted night soil storage tanks, whereas collec- 
tions made prevjour to that time were almost all confined to rice paddies, Although 
Sasa and Sabin ‘17) do not discuss the seasonal progression of larval occurrence, 
they do remark on the fact that br Atacn formynenue is found in two types of. water 
bodies, one with a low organic content an other with a relatively high organic 
content, such as cesspools. Again this season our observations confirmed that the 
initial population of tritaeniorhynchus larvae was confined almost entirely to rice 
paddies, irrigation ditches, and small ground pools. This situation persisted until 
about 15 August, at which time there appeared an increasing tendency for the higher 
larval populations to occur in breeding sites such as diluted night soil tanks and 
concrete building foundations. However, larvae were not found in night soil tanks 
or cisterns until the organic content had become diluted enough to support a growth 
of surface plants and algae. At no time were tritaeniorhynchus larvae found in such 
highly polluted tanks as those commonly inhabited by Armigeres subalbatus or Culex 


pipiens. 


The association of immature stages sf tritaeniorhynchus with growths of surface 
plants has been reported previously, (15) an e larvae are not restricted to this 
type of environment the association is consistent enough to warrant notice. Larvae 
were rarely collected from locations which were not illuminated by direct sunlight 

for several hours of the day. Attempts to correlate the larval habitats with pH and 
water surface temperature were inconclusive. C. tritaeniorhynchus larvae were found 

in water-bodies whose pH ranged from 6.2 to 7.6, most abun ly in water approach- 
ing the neutral point. Water from night soil containers was on the acid side while 
that from rice paddies was usually slightly alkaline. The presence or absence of tri- 
taeniorhynchus larvae apparently was not associated with any particular temperature. 


ee 


Generally the mid-day water temperature of shallow rice paddy pools was five degrees 
higher than nearby streams or deep pools; however, tritaeniorhynchus was found under 
both conditions. 


Concentrations of larvae were very low in rice paddies, never over 10 per dip, 
while collections from concrete tanks ranged up to several hundred ver dip. This 
seems to be consistent with the larger water surface of the paddies and the constant 
dispersion of the population during the process of cultivation. Predators in rice 
paddies also held the population in check and may account in part for the lack of con- 
centrations of larvae. Paddies or streams which contained numbers of the Japanese 
Medaka, a minnow, were almost entirely free from mosquito larvae and pupae. In addi- 
tion, larvae of the beetle family Dytiscidae were frequently seen in active pursuit 
of larvae. In the diluted night soil tanks tritaeniorhynchus larvae and pupae were 
frequently taken with the predatory larvae of Gulex vorax, and many vorax larvae 
were observed in the act of eating tritaeniorhynchus larvae. Dytiscid beetle larvae 
were also present in numbers in some night Sort tanks and were frequently seen eating 
mosquito larvae. 


No indication was available in the early season to show how tritaeniorhynchus 
passed the winter. Collections of adult mosquitoes made during the winter of 1951-52 
failed to reveal any hibernating tritaeniorhynchus. By far the largest part of the 
mosquitoes collected during that time were female Culex pipiens, with C. hayashii 
and C. orientalis also present in small numbers. An intensive search of Caves, dug- 
outs, buildings, etc. during November and December 1952 likewise failed to produce 
tritaeniorhynchus. During the same period, a search of water bodies known to sup- 
port large summer-time populations of tritaeniorhynchus failed to disclose any imma- 
ture stages. The overwintering habits of this species are therefore still a matter 
for speculation. Members of the genus Culex typically overwinter as inseminated fe- 
males, and it seems logical to believe that tritaeniorhynchus should follow this 
pattern. Opposed to this presumption is the obvious rant that they have not yet been 
found. The last immature stages which we collected during 1952 were taken near 

Omiya on 6 October. The adult studies at Shinhama were suspended on 1) September 

due to the very small number of Ma being taken. Furthermore, the 

last adults taken in light traps in the Kyoto area consisted of one female and three 
males collected on 10 October, although the trap was operated through 30 November. 


The mating habits of this species are not known. Mating swarms of mosquitoes 
noted throughout the season have without exception oroved to be pipiens. Neither 
have the oviposition habits of the species been well studied. The egg rafts are 
somewhat longer than those of pipiens and each contain approximately 200 eggs which 
are very similar in appearance to those of pipiens. Eggs which had not yet darkened 
from contact with the air were collected an ae in two days at an average tem- 
perature of 80°F., so it may be assumed that this approximates the average hatching 
time. 


Laboratory Observations. The greater part of the material brought to 
the insectary consisted of immature stages, supplemented by a few collections of en- 
gorged females from stables in the Tokyo area. 


Approximately 60,000 larvae and pupae were collected during 1952. Larvae and 
pupae were collected in numbers, samples checked for identity, the predators removed, 
and placed in rearing vessels containing seasoned tap water or water from the collec- 
tion site. Larvae were fed yeast suspension or ground dog biscuit and thrived on 
this diet. Throughout the season adult emergence was very successful. 


A few egg masses were taken from water bodies which were producing large numbers 
of immature tritaeniorhynchus. The egg masses were reared, larvae identified and 
emerging adults kept aler the various insectory conditions described below. No dif- 
ference was detected in the adaptability of adults derived from collected eggs as 
opposed to those derived from larvae or pupae, or those collected in the adult stage. 
It had been hoped that mosquitoes reared from the egg stage might prove more adaptable 
to colonization, but this was not the case, 
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Adults which were received in the insectary were vrovided with sugar water and 
distilled water and after identification were placed in the particular type of cage 
and environment being evaluated as a holding device. Initially adults were gee ee 
in a room size cage with a 13 foot ceiling described in the 1951 report. ) 
was quickly apparent that results would be unsatisfactory as in the past, ene 
adults seldom surviving beyond 8 hours. The cage was kent wet and living plants 
supplied as resting places, No feeding took place despite a wide variety of hosts 
offered for varying periods. Artificial lengthening of the daylight hours had no 
noticeable effect on survival of the adults. 


Also used in the culturing attempt were cages one cubic foot in capacity. 
Adults, together with food and water, were placed in the cages and the cages covered 
with wet towels to mintain high humidity. In all cases adults failed to feed on 
hosts offered, no reproduction took place and mortality was very high. Adults were 
kept at insectary temperature of approximately 80°F, at 85°F in an incubator, and 
at lower temperature, approximately 50°F, in a refrigerator, but temperature range 
had very little effect on longevity. Using the same one foot cube cages the effects 
of variation in humidity were explored. Some cages were kept without covering, 
others were covered with closely fitted dry cloths and others were covered with wet 
towels. No differences in longevity of the groups tested appeared significant. In 
no case did adults reared in the insectary survive beyond ) days; no mating, feed- 
ing or oviposition occurred, 


Following these trials cages of cloth and mesh were abandoned for the tritaen- 
iorhynchus tests, and adults were housed in several types of glass vessels. Animal 
are te In diameter and 7" high were covered with a muslin sleeve, Half were left 
dry and half had the bottom covered with moist cellucotton. Dry and wet jars were 
placed in the incubator and kevt on insectary shelves for comparison of temperature 
effect. Survival of adults was quite good in the wet jar kept at approximately 
85°F in the incubator. Longevity increased to a maximum of 8 days, but feeding and 
oviposition did not occur, 


The method by which maximum longevity was attained made use of glass cylinders 
83" by 2", The lower end was plugged with moist cellucotton and sealed with a rub- 
ber stopper. Up to ten adults were placed in each tube together with a wooden 
tongue depressor as a resting place and the cylinder top covered with bolting cloth 
secured with a rubber band. Sugar soaked gauze pads or apple slices were placed on 
the bolting cloth to provide food. From the beginning males and females in these 
tubes fed readily on sugar water and some females took blood meals from mice, 
chickens, and citrated human blood. This feeding is discussed in more detail below. 
The maximum longevity of adults in these cylinders was 88 days. However, all males 
died within 21 days and no mating was noted, nor were eggs produced by laboratory 
reared adults. 


Engorged female tritaeniorhynchus collected in horse stables in Tokyo were 
housed in the glass cylinder cages and produced egg rafts in three cases. These eggs 
were transferred to seasoned water but either failed to hatch or the hatched larvae 
did not progress beyond first instar. Lots of pipiens material being reared at the 
same time and under identical conditions progressed to maturity, so that adverse 
environmental conditions are voresumed not to have been the factors in the non- 
survival of the tritaeniorhynchus produced in the insectary. Despite the lack of 
success in establishing a aoicny of this species, it is felt that the method of 
caging in glass tubes offers the best hope for future success, 


As mentioned above, feeding of blood meals to the adults was not successful ex- 
cept in the case of those caged in glass tubes. In the larger cages the following 
hosts were offered: black crowned night heron, laboratory rabbit, guinea pig, lab- 
oratory rat, adult laboratory mouse, suckling laboratory mouse, adult domestic hen, 
chick, man, and citrated human blood. The tubed mosquitoes were offered suckling 
mice, chicks, and citrated human blood and fed readily on all three. When chicks 
anaesthetized with nembutal were placed on the bolting cloth cover of two tubes the 
contained female mosquitoes were attracted strongly, probed almost immediately and 
fed. 


Bx, 


In summarizing the data now available and the points still to be explored, cer- 
tain gaps in our knowledge of the bionomics of this species become evident. First 
is the question of the mating behavior of the species. Specimens were not observed 
swarming in nature during this study nor could swarming or mating be induced by 
crowding in cages in the laboratory. Controlled light conditions or the presence of 
certain hosts may be necessary to induce mating. Secondly, the question of over- 
wintering is most important and as yet unanswered. If the species overwinters as 
inseminated females it must do so in very small numbers or in some ecological niche 
as yet unexplored. In view of the immense numbers of the species encountered in the 
mid-summer months, overwintering as a small number of females would require a truly 
remarkable degree of successful reproduction during the spring and early summer 
months. 


Epidemiology of Javanese B Encephalitis - In cooperation with the Devart- 
ment of Virus and Rickettsial Diseases, further investigations on the role of birds 
in the epidemiology of Japanese B encephalitis were carried out. The specific points 
investigated were the times at which the virus of Japanese B encenhalitis apveared in 
nestling birds and the mosquito population in nature, whether or not virus free ju- 
venile birds confined in bait traps would show exposure to the virus, and what blood 
sucking arthropods were attracted to birds so confined. In order to explore these 
possibilities, bait traps containing juvenile birds were set up at Shinhama bird sanc- 
tuary and daily collections and identifications of the trapped insects made. Follow- 
ing identifications of the material, all specimens of blood sucking insects were 
turned over to the Devartment of Virus and Rickettsial Diseases for attemnted isola- 
tion of virus of Japanese B encephalitis. Concurrently isolations were attempted 
from weekly collections of Culex tritaeniorhynchus made at two resting stations in 
Tokyo. This was done to give additional assurance that evidence of virus in wild 
mosquito populations in the general vicinity of Tokyo would not be overlooked and to 
obtain mosquito material from different habitats attracted to different hosts (horses). 
Details of the virologic aspects of this work will be found in the report of the 
Department of Virus and Rickettsial Diseases; the entomological aspects are summar- 
ized as follows, 


In order to cage the young egrets, herons and chickens to be used as bait, spec- 
ially designed cage traps were constructed. The cage was three feet square and two 
feet in height to the eaves, the overall height to the peak of the roof being 2'6", 
The roof and front were of plywood and access to the interior of the cage was via a 
20" diameter circular opening in the front, fitted with a cloth sleeve of the same 
diameter and approximately 36" long. The cage had a removable metal bottom with a 
false bottom of 1/" mesh hardware cloth ]" above the bottom, The removable bottom 
was to permit easy cleaning of the cage. Sides and rear were of 16 mesh screen, 
except that the space between the bottom and false bottom was solid construction. A 
baffle opening to permit entry of mosquitoes extended along the two sides and rear 
of the cage. The outer baffle opening was 2 3/h, narrowing to 3/" at the inner 
opening, the upper face of the baffle being " wide and horizontal in position. The 
baffle was located 15" above the bottom of the cage; 11" above the false bottom, 


The bait traps were overated at Shinham bird sanctuary located on a low alluv- 
ial plain at the head of Tokyo Bay about one mile south of the village of Ichikawa. 
The site of operation was adjacent to the edge of a small pond in the area, The 
predominant vegetative features of the sanctuary are the dense bamboo thickets grow- 
ing around the vond and in rather narrow strips out from the pond so as to form a 
series of "bays" which contain blinds and feeding stations for wild fowl. Aside 
from the bamboo thickets, which are sufficiently tall to make effective windbreaks, 
the only large vegetation of consequence consists of scattered pine trees 20-25 feet 
in height. The sanctuary is occupied during spring and summer by innumerable birds, 
and thousands of wading birds nest in the dense bamboo thickets. Two of the "bays" 
formed by these thickets were available for placement of the cage traps. The loca- 
tion of traps within the bays was dictated by the sites at which maximum shading 
would occur, since it was necessary to prevent excessive temperatures which might 
result in mortality in the caged birds. The general shape of the bays, and the lo- 
cation of the traps for the greater part of the experiment is shown in Figure 3. 
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Figure 3. 


Sketch of a Portion of Shinhama Duck Refuge Showing Location of 
Mosquito Bait Traps with Relation to Vegetation 
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During the course of these studies a total of eight cage traps were used, but the 
exploratory nature of the project led to considerable change as the work progressed. 
Two cages (nos. 1 and 2), baited respectively with black crowned night herons (BCNH) 
and little egrets (LE), were placed in a bay close to the edge of the bamboo thicket 
on ll July. These two cage traps were in continuous use from that time through the 
night of 1) September, when the observations were terminated. On 2h July, cages 1 and 
2 were exchanged in position. On 25 July these two cages were moved to locations on 
the ground under the pine trees some 20 feet from the edge of the bamboo thicket. At 
the same time six additional cages were added, one each baited with BCNH and LE, two 
baited with chickens and two left empty as controls. These eight traps were paired, 
and from 25 July through the night of 28 July located under the pine trees in one bay, 


with one of each pair suspended at an elevation of eight feet above the ground directly 


above the corresponding cage placed on the ground. On 29 July all cages were located 
on boxes along the edge of the bamboo thickets as shown in Figure 3, where they re- 
mained until the trapping was terminated on 15 September. On 12 August traps numbers 
3 and 7, previously used as controls, were baited with BCNH and LE respectively. 


All traps were carefully examined each morning and the contained insects captured 
by means of an aspirator. The living arthropods from each cage were transported to 
the Tokyo laboratory where they were immediately identified, species and numbers re- 
corded, and specimens of mosquitoes and other blood-sucking insects sent to the De- 
partment of Virus and Rickettsial Diseases for attempted isolation of the virus of 
Japanese B encephalitis, The same procedure was followed in handling mosquito mater- 
jal taken from the Tokyo Police stables and from the Setagaya Race Track stables, 
except that isolations were attempted from the Culex tritaeniorhynchus specimens only. 
Results of isolations obtained from these various collections are contained in the 
report of the Department of Virus and Rickettsial Diseases, 


Four species of mosquitoes were taken from the Shinhama bait traps: Culex trit- 
aeniorhynchus Giles, C. pipiens Linnaeus, C. bitaeniorhynchus Giles and Anopheles 
sinensis Wiedemann, 111 Specimens were females, most 5, them engorged. Pee only 
other blood-sucking arthropods captured were representatives of the genus Culicoides 
(family Ceratopogonidae), species unknown. C. tritaeniorhynchus was by far the most 
abundant species of mosquito taken, although Eevee was eather consistently present. 
The other two species were never present in a ance. Only five specimens of Cul- 
icoides were captured. 


The small number of traps in operation, and the generally low incidence of tri- 
soentoryee during 1952 (see discussion of ecology of tritaeniorhynchus) make the 
data ava e from this experiment too limited to permit positive conclusions or 
generalizations to be drawn. The following recounting of observed phenomena is pri- 
marily for the purpose of focusing attention on points about which further informa- 
tion is needed. Figure 1 in the report of the Department of Virus and Rickettsial 
Diseases graphically portrays the relative abundance of tritaeniorhynchus caught in 
the heron and egret baited traps during the course of the work. The seeming marked 
preference of tritaeniorhynchus for herons over egrets is an item of varticular 
interest, both from the Stndeeint of the bionomics of the species and its probable 
significance in connection with the epidemiology of Javanese B encephalitis. The 
preference of pipiens for herons was less marked, the average number per trap night 
with herons ee approximately two and one-half times that for egrets. No mosqui- 
toes were taken from chicken baited traps, and but three specimens, one tritaenior- 
hynchus and two pipiens, from the control traps during the time they were operated. 

e reason for the absence of mosquitoes in the chicken-baited traps has been the 
subject of considerable speculation, and inquiries designed to clarify this question 
were not conclusive. It was often observed, during the course of other work, that 
caged mosquitoes were eaten by chickens placed in the same cage. On the other hand, 
it seems improbable that chickens could eat every mosquito, if any considerable 
number of mosquitoes were in the cage. Future plans provide for removal of this 
element of doubt, both with respect to chicken baited traps and those containing 
other types of fowl. The possibility, however remote, that this observation indi- 
cates a conditioned feeding response by the mosquito population in this area where 
aquatic fowl abound, has been considered. 


a 


Although the period during which traps were elevated eight feet above the ground 
was very brief, the evidence suggests that the great majority of the mosquito species 
present in the area and attracted to birds moved at a low level, at least in the open 
areas of the bays. Whether or not this is the case in the dense bamboo thickets was 
not determined. It should be noted, in this connection, that air movement in the 
bays was very slight during most periods. 


The number of virus isolates obtained from the trapped mosquitoes, the dates on 
which virus in the mosquitoes and birds was detected, and the probable significance 
of these and associated phenomena observed during the work at Shinhama are all dis- 
cussed in the report of the Department of Virus and Rickettsial Diseases. Although 
rather marked fluctuations were evident in the cage trap mosquito catches, the pop- 
ulation sampling method is not considered to have been sufficiently sensitive to 
permit calling these population "peaks" in the usual sense. On the contrary, evi- 
dence from various‘sources, i.e., Shinhama cage trap records, Tokyo resting station 
records, ecological studies in Saitama Prefecture, and light trap collections in 
Kyoto and Shiga Prefectures, tends to indicate that there was no sharply defined 
peak in the relatively low 1952 tritaeniorhynchus population. The Shiga and Kyoto 
collections indicate high adult populations during the period 2 July-2 August, 
whereas the data from the Tokyo area indicate that the maximum concentration of 
adults occurred somewhat later, about 10 August. 


From an entomological standpoint these rather limited studies have served to 
point out new and important avenues of investigation, varticularly with respect to 
species vreference among birds acceptable ei osts. Previous work involving wading 
birds as attractants in cage trap studies 15) did not include segregation of the 
herons and egrets used, hence the differential attractiveness of the bird species 
was not detected. The fact that the more attractive (to mosquitoes) of these bird 
hosts show a higher percentage of "positive" sera in Japanese B encephalitis anti- 
body assays clearly indicates the need for further exploration in this field. 


JBE imental Infection in Mosquitoes - Data tending to incriminate Culex 
eribseniont Chus mosquitoes in the Spideat ology of rie fe R encephalitis have 
been supplemented by virus isolations from this species »18) and by successful 
virus transmissions.(19,20) these transmission experiments have relied, with few 
exceptions, on blood-virus suspensions as a source of infection for the mosquitoes. 
However, the use of virus suspensions as the source of initial infection for the 
mosquito introduces a highly unnatural factor into transmission experiments, and 
it was felt that experimental transmission from vertebrate host to vertebrate host 
should be undertaken. Furthermore, it was believed that experiments to determine 
the extrinsic incubation period of the virus and explore the possibility of trans- 
ovarian transmission of the virus were desirable and could be accomplished in con- 
junction with virus transmission attempts. 


For reasons which are discussed in the report of the Department of Virus and 
Rickettsial Diseases, an avian host was deemed desirable and the chick was chosen 
as the most logical subject. Use of chicks presented some entomological problems 
which are discussed below. 


When the series of experiments here described were undertaken, Culex tritaen- 
iorhynchus mosquitoes were abundant in nature but not available in a laboratory 
acstate colony. It was apvarent that wild caught mosquitoes or mosquitoes 
reared from collected immature forms should not be used because of the vossibility 
of contamination with JBE virus. Therefore, it was decided to use the available 
colony of Culex paprens mosquitoes as a source of test animals so that basic infor- 
mation on the behavior of the virus in arthropod tissues could be obtained, Fur- 
thermore, manipulation technics developed in the handling of pipiens would be 
applicable to tritaeniorhynchus should that species become aval in6TS in the labor- 
atory. 


pe pee workers have been unable to isolate JBE virus from pipiens in nature, 
(15,1 although Japanese workers have reported virus isolations fron wild caught 


es 


specimens. Culex (Poeagen nes yee used repeatedly in successful JBE virus transmis- 
sion experiments.\ 

readily in a variety of epee Furthermore, the females feed readily on a wide var- 
iety of hosts and are especially attracted to avian hosts. The colony of pipiens 
used in these experiments was established in July 1951 from material collected near 
Omiya, Saitama Prefecture, and continued through 1952 with but an occasional addition 
of new material. The colony was checked on several occasions and found to be free of 
virus, 


Adult mosquitoes were housed in a variety of cages Yanging from one cubit foot 
capacity to room size, but the most satisfactory has vroved to be a cage 3' x 3! x 3! 
with a removable front containing two sleeves and a glass observation vanel. Smaller 
cages present difficulties in the offering of hosts and larger cages make it diffi- 
cult to control humidity and capture adults. In the cubic yard cage humidity is 
maintained caldnipihy «tamed by covering the cage with saturated turkish towels as des- 
cribed by Trembly. 23 


Females fed on rabbit, guinea pig, mouse, and chicken. More eggs were produced 
when females were allowed avian blood, but rabbits proved to be the most satisfactory 
host from point of view of convenience. Auxiliary food for females and males was 
supplied in the form of dextrose solution on gauze pads and slices of apple. Apple 
slices were more attractive to the adults but presented a greater problem with mold 
formation unless renewed daily. 


Shallow pans of tap water were available to females for oviposition, and depos- 
ited eggs were harvested daily. The rearing vessels used were standard medical issue 
white enamel basins half full of seasoned water or pond water. Two egg rafts of med- 
ium size were placed in each rearing basin which limited the number of first instar 
larvae to approximately 360-00. At insectary temperature, approximately 80°F., the 
eggs required about two days for hatching. Eggs could be stored for at least seven 
days on moist paper at approximately SO°F. and would give satisfactory hatch when 
warmed to insectary temoerature. 


The larvae were given a small quantity of yeast suspension on hatching and fed 
yeast suspension and ground dog biscuit daily as growth progressed. Feeding was a 
critical item in rearing inasmuch as overfeeding resulted in a surface film which 
killed larvae, while underfeeding promoted cannibalism and stunting of growth. The 
rate of larval development was closely correlated with the amount of food, extent 
of crowding, and especially by the temperature. Larval growth was promoted by tem- 
peratures of from 85°F. - 90°F. Pupae were harvested daily and placed in soup 
bowls for emergence in small cages from which the adults could be transferred either 
to the main colony cage or held for experimental work. 


The attempts to colonize Culex tritaeniorhynchus made use of the same equipment 
as that described for Culex pipiens. The results of these attempts are discussed in 
the section devoted to the biology of tritaeniorhynchus., A smll colony of Aedes 
albopictus was maintained in a screened wooden tub during most of the year. This 
Species was not used in virus transmission experiments but served as a source of 
mosquito eggs for mite feeding. 


The size of the blood meal of pipiens, information necessary to calculate the 
approximate amount of virus obtained = the mosquitoes in taking an infective meal, 
was determined by weighing a series of 100 each of engorged and unengorged mosqui- 
toes. The average weight of unengorged females was 0.0020 gm, that of engorged fe- 
males was 0.0039 gm. The average blood meal was therefore approximately 0.002 gm. 


The use of chicks as host animals presented a difficulty by handling. An an- 
aesthetic was not used because of its possible effect on the virus. Chicks were 
confined in small wire cages which restricted their movement; however, the chicks 
would feed avidly on the mosquitoes if all light was not excluded from the cage dur- 
ing the feeding period. In three test lots of 100 mosquitoes each, three chicks 
consumed 33, 30, and 12 mosquitoes respectively, when but a small amount of light 
was admitted to the cages. 
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The species adapts well to laboratory life and breeds 


In all ten experiments conducted, the female mosquitoes were isolated from re- 
cently emerged colony stock in lots of 100 and placed in one cubic foot cages. Water . 
and food, consisting only of avples or sugar water, was withdrawn 2); hours prior to | 
offering the chicks for a blood meal. Initial feeding was considerably better when 
females were kept with males for two or three days prior to feeding. 


Feeding was accomplished by vlacing the caged chick in the mosquito cages. This 
procedure, and all others involving possible escape of mosquitoes, was accomplished 
within a large cage equipped with two sleeves and a glass vanel. Immediately after 
the chicks were placed in the mosquito cages the cages were covered with damp towels 
and placed on dark warm shelves where they remained for 1-15 hours to assure maximum 
feeding. The mosquitoes fed lightly during the evening hours but in much greater num- 
bers in the hours between 0600 and 0800. Mosquitoes which refused the initial meal 
were removed and destroyed and the remaining females supplied with supplementary food 
and water and kept in darkened cages at temperatures as near the 80° -85°F. range as 
possible. 


A saaple of the engorged mosquitoes from each lot were tested for the presence of 
virus immediately after feeding. At the same time the host chicks were bled and tested 
for virus. Mosquitoes which engorged on chicks which had not developed viremia were 
discarded and the remainder pooled. These mosquitoes were used in transmission attempts 
at 7, 1h, and 21 days or were sampled and tested for virus at three day intervals. The 
protocols for these experiments are discussed in detail in the report of the Department 


of Virus and Rickettsial Diseases. 


All eggs produced by the test mosquitoes were carefully papsied in an attempt to 
detect evidence of transovarian infection. Japanese workers have reported such 
transmission but our results were negative. In one experiment several egg rafts were 
obtained from females known to contain virus of a high titer. Half the eggs were 
ground and injected into mice but no agent was detected. The remaining eggs failed 
to hatch, although eggs produced at the same time from non-infected females vroceeded 
to develop normally. In one other exveriment large numbers of eggs produced by pre- 
sumably infected females developed normally. It was subsequently determined that the 
chicks from which these females had received their initial blood meal had failed to 


develop viremia. In both cases the female mosquitoes had been caged with males vrior 


to feeding for a period sufficient to assure mating. 


Throughout the course of the exveriments fluctuation of temperature and humidity 


‘in the insectary caused considerable loss of both fed and mfed mosquitoes, although 


engorged females seemed to resist environmental stress far better than unengorged 
individuals, Of the ten experiments undertaken, six were discontinued due to high 
rit mame | ix test mosquito lots or failure of the mosquitoes to feed. Japanese 
workers ‘25) have reported a strict correlation between temperature and the develop- 
ment of virus in the mosquitoes and lack of proper control of this factor may account 
for some of the erratic results noted in the virological report. 


In these ten experiments, two chicks were infected by the bite of Culex pipiens 
mosquitoes which had taken an initial blood meal from infected chick and the ae 
was identified as JBE virus by CF test. In two experiments active proliferation of 
the virus in the mosquito tissues was demonstrated. 


It is believed that the results thus far obtained indicate that this relatively 
natural method of transference of virus from vertebrate host to vertebrate host has 
merit and offers a means for the study of the effects of environment on the virus in 
arthropod tissues, 


SUPPORTING ACTIVITIES: In addition to the activities already discussed there 
were, in the program of the Department, a number of other functions not in themselves 
research but nevertheless necessary to the investigational program of this or assoc- 
iated organizations. It seems appropriate to class these as supporting activities. 


i 


Mammals and Ar bropeds for paboratory Spepramentation - In the search for 
laboratory animals in which the etiologic agent of hemorrhagic fever could be demon- 
strated, it became desirable to experiment with other than the standard laboratory 
animals, The animals of choice for this line of investigation included wild Japan- 
ese rodents and various kinds of arthropods. The Department of Entomology partic- — 
ipated in this work by obtaining supplies of wild rodents, and by establishing and/or 
maintaining numerous arthropod colonies. This brief account of the work covers all 
arthropod culturing undertaken except that with mosquitoes. 


Efforts to obtain an adequate number of the Japanese meadow vole (Microtus mon- 
tebelli) through local commercial collectors having failed, members of this Department 
undertook to obtain these animals in sufficient numbers to meet the demand for labor- 
atory animals, and to permit breeding and rearing in captivity. Numerous specimens 
were trapped alive in the Akabane area of northwest Tokyo. Most of them were used in 
the hemorrhagic fever experiments, a few retained for attempts at breeding. Four 
specimens of this species have been reared from young born in captivity, but as yet 
a perpetuating colony has not been established. In addition to Microtus, a small 
number of Apodemus speciosus were used in laboratory tests, However, this species } 
does not survive well in captivity, and no young were successfully reared although 
several were born in captivity. . 


By far the greater amount of time and effort in this project was devoted to 
culturing arthropods. A total of eight species of arthropods were maintained in 
colonies as follows: 


Acarina 


Laelaptidae - Bdellonyssus bacoti 
Taelaps echidninus ; 


Argasidae - Ornithodoros nicollei 


Ornithodoros tholozani : 
Insecta \ 


Coleoptera - Tenebrio molitor a 
Tribolium sp. I. 


Siphonaptera - Ctenocephalides canis q 
. Scrocesita cheopis f 


The colony of the tropical rat mite, Bdellonyssus bacoti, was established from it 
material collected locally from domestic rats in ace 1952, and augmented by speci- / 
mens supplied from the Army Medical Service Graduate School. Two me thos fearoe one U 
were used with success. One was essentially as described by Scott et al in 
which the mites were confined in a container with a half-grown white laboratory rat 4 
for a host. The containers used were metal box cages with a moat to prevent the es- F 
cape of the mites. The cages were filled to a depth of two inches with wood shavings 
and the mites placed either on the host or in the shavings. New cultures were started 
periodically as the cage litter became foul and wet, 


The second method of rearing bacoti consisted of keeping the mites in glass tubes 
2 inches in diameter and 9 inches Tong, closed at one end by a rubber stopper. Wood 
shavings were placed in the tube to a depth of 2 inches above the stopper, and held | 
in place by means of a gauze plug. The remaining tube opening was stoppered by a bs 
cork covered with fine silk cloth; too tight closure of the tube would result in for- ! 
mation of a vapor film in which mites became entrapped and died. A ring of vetrol- i 
atum on the outer surface of the tube just below the rim served to trap any mites i 
that escaped when the tube was opened. Mites in the tubes normally sought harborage y 
in the shavings and plug. Blood meals were supplied by placing a hairless suckling j 
mouse in the tube every third day. Mites quickly found the moss and fed avidly; in ‘i 
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populous colonies the mouse would become covered with all stages of mites and death 
from exsanguination was fairly common. Mice used for blood meals were normally left 
in the tubes over night, and after such a period most mites had deserted the host 
and returned to their harborage. The few remaining mites could easily be dislodged 
with a fine brush, Tubes containing mite colonies were kept in an incubator at 28°C 
and approximately 80% relative humidity. 


The Laelaps echidninuscolony was established from material obtained during the 
examination of large numbers of domestic rats from the vicinity of Omiya, Saitama 
Prefecture, Material removed from rats was examined under the stereoscopic micro- 
scope and selected adult specimens vlaced on ectoparasite-free white laboratory rats 
confined in cages of the same type as was used for bacoti rearing. For this type 
of mite rearing white laboratory rats have proved quite satisfactory as hosts, since 
they can be maintained indefinitely without water bottles by supnvlying them with 
water-soaked vegetables. Two rearing chambers were established in Avril 1952 and 
have been maintained continuously with only an occasional partial change of the 
shavings used for mite harborage and litter. The chief difficulty encountered in 
rearing resulted from an occasional rapid increase of Tyroglyphus mites if uneaten 
rat-food was permitted to accumulate, 


The colonies of the two species of soft ticks (Ornithodoros) were established 
from material originating at the United States Public Health Service, Rocky Mountain 
Laboratory at Hamilton, Montana. They have been maintained since Avril, 1952 in 
25 x 150 mm test tubes. The tubes were filled to a depth of 1 to 2 inches with 
absorbent cotton and plugged with cotton. Strips of paper toweling were placed in 
the tubes to serve as hiding places and to absorb waste. All the tubes were placed 
in an incubator at 29°C. and a relative humidity of approximately 80%. 


Suckling mice were offered to the ticks twice weekly for a period of 2) hours. 
Mouse survival was good except for some deaths caused by exsanguination. Molting 
of the nymphal stages normally followed each engorgement, and death ensued if molt- 
ing was not accomplished. The feeding interval was irregular, some engorging at 
intervals as short as eight days while others went for two months between blood 
meals. Ticks which had undergone long periods of starvation did not engorge at one 


feeding but required two or three feedings for full engorgement. 


During the course of the rearing of these ticks it was possible to make some 
observations on the biology of 0. tholozani. Adult ticks were paired for mating on 
19 August and one female which engorged fully on 20 August deposited 78 eggs on 
lh, October. In the period through 20 October oviposition continued until a total 
of 135 eggs were deposited. The eggs are spherical in shape, a polished mahogany 


- brown in color, and 0.5 mm. to 0.6 mm. in diameter. They appear to be coated with 


an adhesive material. As development proceeded the uniformly colored egg became 
clear at the vegetable pole. High mortality in several groups of eggs apparently 
resulted from low humidity. The larvae are 0.2 ~ 0.) mm. long and 0.25 - 0.35 mm. 
wide. They are pale brown in color and with dermal ornamentation like that of the 
mites of the genus Trombicula, rather than with dermal papillae as in the nymphal 
and adult ticks. When placed on hairless baby mice only 2 of 20 mites were observed 
to feed. However, feeding was highly successful when the larvae were fed citrated 
human blood. The blood was placed on cotton in a Stender dish and warmed on a hot 
plate to approximately body temperature. Larvae were placed on filter paper cover- 
ing the cotton and engorged rapidly. After feeding, the ticks were placed on filter 
paper moistened with warm distilled water to remove the clotted blood. Some larvae 
fed again within four days and to date two have moulted to the first nymphal instar. 


The two species of beetles were reared with a minimum of attention. A large 


- stock of meal worms, Tenebrio molitor, was obtained in April 1952, from the Army 


Medical Service Graduate School. Food at the time of receipt was pulverized bran, 
but a mixture of oatmeal, corn flakes, and corn meal was substituted because of 
greater availability. Glass animal jars were used as recommended by Hein 27) and 


the food material, interspersed with layers of burlap, filled the lower third. De- 
velopment of specimens has been rapid and continuous. If the cultures become over- 
crowded cannibalism results, so the jars were examined once a week and new cultures 
established if indicated. Mortality is decreased considerably if small amounts of 
meat are supplied at intervals. Moistened carrot slices, or cabbage leaves, supply 
moisture and additional food for the beetles. These should be placed on the surface 
of the rearing medium and renewed every second day. When desired, larvae, pupae or 
adults may be removed by sieving. 


A large number of Tribolium beetles were found in a shipment of laboratory ani- 
mal food in June and transferred to jars containing layers of burlap and ground ani- 
mal food. Increase in the colony was very rapid and large numbers of all stages are 
present at all times, 


Specimens for the establishment of a colony of the dog flea, Ctenocephalides 
canis, were obtained from dogs in the vicinity of Omiya, Saitama Prefecture, 
March 1952, after a thorough search for the preferred C. felis failed to produce 
that species. Fleas were recovered from the dogs with forceps and comb, collection 
being somewhat easier if the dogs were first dusted lightly with a 2% dust of 
pyrethrum. When this was done fleas were washed with distilled water before being 
placed in the colony. Dogs to serve as hosts were dusted thoroughly with 10% DDT 
powder, washed thoroughly, and placed in an enclosed run. Identified fleas were 
placed on these dogs and reared according to methods Gove tgs? by the United States 
Department of Agriculture laboratory in Orlando, Florida Production of adults 
has been held at a low but fairly constant rate for this species since the colony 
was established in March. 


Attempts to find the Oriental rat flea (Xenopsylla cheopis) in the vicinity of 
Tokyo early in 1952 having been unsuccessful, specimens of this svecies were ob- 
tained through the Army Medical Service Graduate School. This stock was received 
in April 1952, and a colony has been maintained since that date, Initially the 
rearing method used was that developed at the United States Department of Agricul- 
ture laboratories at Orlando, Florida (29), However, high humidity produced ex- 
cessive rusting of the rearing containers and the host rats caused excessive foul- 
ing of the rearing substrate, so in September a change was made to the rearing 
method recommended by Hollenbeck (30), This has proven to be a more satisfactory 
method in our particular situation. Newly emerged adults feed almost immediately 
and egg laying begins a few days later. Adults have survived for approximately 
6 weeks in rearing chambers without recourse to a blood meal and have produced eggs 
when allowed to feed. 


In the absence of a ready supply of powdered whole blood, a mixture of 50% dry 
bovine serum albumin and 50% powdered hemoglobin was substituted as food for the 
larvae of both species of fleas, with excellent results. At 70°F. and 70-80% 
relative humidity a new generation of fleas appears approximately 5 weeks after 
seeding of the rearing chamber with eggs. 


Preparation of Biological Material. Proper preparation is a necessary 
prerequisite re the study and taentiT ication of biologic material. In order to 
process the rodent ectoparasites from Japan and Korea approximately 15,000 slide 
preparations were made and labeled. These slides not only permitted the specimens 
to be studied and identified, but following identification selected specimens were 
distributed to units engaged in survey activities in the Far East, and to entomol- 
ogical institutions throughout the world. The collection and identification of 
ectoparasites, to be effective, must be coupled with positive identification of the 
mammalfan hosts or the avian hosts. Therefore, when this Department undertook an 
extensive survey of ectoparasites in Japan, as well an an identification service 
for preventive medicine in the Far East, it became necessary to identify and vre- 
serve large numbers of animals. The services of a taxidermist permitted the assem- 
bling of a properly prepared and identified collection of rodents and insectivores, 
from which identified specimens could be supplied to units actively engaged in 
survey work. Additional specimens of these and other groups were supplied to the 
United States National Museum for study and confirmation of identification of some 
species, 87 


Table X shows the number of small mammal skins and skulls prepared during 1952. 
The number of preparations distributed to various organizations is indicated in the 
statistical section, Table I. For the most part the preparations were made from 
animals collected during the course of surveys in Javan, although a few came from 
Korea and some were supplied by cooperating organizations in Japan. 


Table X. Small Mamml Skins and Skulls Prepared, 1952 


Species Number 
Rodentia: 


Apodemus agrarius coreae Re) 


\ Kpodemus gels eisha 37 
Kpodemus geisha hokkaido 15 
Kpodemus speciosus ainu 13 
Apodemus speciosus speciosus 142 

e ionomys rurocanus bedfordiae 3 
Clethrionomys rufocanus regulus 
Clethriono smi thi sath 
Glirulus japonicus 


Micromys nutus hondonis 
Micromys minutus japonicus 


crotus montebelli montebelli 
Mus bactrianus mashinai 
ze molossinus molossinus 
tus norvegicus hibernicus 
orvegicus 


Rattus n 4 a eeee 
Rattus rattus alexan us 


Insectivora: 


ee 
NAN PNA E ENE eS 


Crocidura dsi-nezumi chisai 
Crocidura Lasiura thomasi 
orex shinto saveus 


Sorex unguiculatus 


Tupai gis 
Urotrichus talpoides hondonis 
Urotrichus talpoides Ealpoides 


Mogera wogura wogura 
Chiroptera: 


: Eptesicus pallens 1 
tf ; Kyotte macrodactylus 23 
; ecotus auritus 1 
ne Rhinolophus ferrum-equinum nippon 2 


Carnivora: 


— 
Dr ONWW DW 


Mustela siberica coreana 1 


Total - All Species h25 


DEPARTMENT OF CHEMI STRY 


The Department of Chemistry consists of six functional sections: Clinical Chem- 
istry, Food Chemistry, Toxicology, Water Analysis, Allergy Investigation, and Miscel- 
laneous Analyses. Collectively these serve as a chemistry laboratory for a variety 
of analyses with requests from the majority of military organizations within the Far 
East Command often requiring a variety of procedures and technics. As shown in Table 
I, the service work load increased in 1952 in comparison with the previous year. In- 
vestigational studies are reported under the various sections and are not included in 
these totals. 


Table I. Chemical Examinations 


Samples Received Determinations 
Section 1951 1952 _% Chance 1951 1952 ___—*% Change 
Food Chemistry e760 = bore 2s Bess 6,90! 12,190) 7b 
Toxicology 1,460 1,966 # 34.6 9,536 10,679 £13.0 
Water Analysis 311 114 - 63.3 2,714 2,217 - 18.3 
Allergy Investigation 3,86 861 - 75.3 3,023 1,46 - 52.2 
Miscellaneous Analysis 2,095 1,641 = 216 5,69 2,703 - 52.1 


AS Op: 46 O65. OZOR.G. IAS le ae 


CLINICAL CHEMISTRY: Services of the Clinical Chemistry Section are available 
to all medical units of the Far East Command and United Nations Command. The more 
complex technics of Clinical Chemistry form the bulk of the work since a laboratory 
of this type acts primarily as a referral laboratory for hospitals and dispensaries 
which are equipped only for routine procedures, The services of vrimary standard 
preparation, procedure evaluations, and consultant assistance are also made avail- 
able for special studies which may be carried out by hospital units. Personnel and 
equipment have been assigned to Korea on temporary duty for laboratory studies of 
hemorrhagic fever and to assist the Surgical Research Team, 


Table II lists the types of specimens received and Table III, the procedures 
performed by the Clinical Chemistry Section during 1952. 


Table II. Clinical Specimens Received, 1952 


Specimen No. Specimen No. 
Blood eeeeovee 2,197 2 Spinal Fluid eeeeeeeee 431 
Feces o.scsees 4,161 VeIne Viet isi eee oe 
Pleo 555680" 3% Miscellaneous ..sceeee 755% 
Seni 26005066 1,916 Total 7,309 


* Includes calculi, duodenal fluid, lymph, pro- 
tein-free filtrates, retroperitoneal fluid, 
saliva, sputum, and synovial fluids. 


To meet the requirements of varied medical investigations during 1952, it was 
necessary to add several new instruments and techniques. Two different types of 
flame photometers were used. A Baird Associates instrument was obtained first and 
a Perkin-Elmer flame photometer was acquired shortly thereafter. Before a compar- 
ison of the two instruments could be completed, the necessity for observations in 


pe ge 


Table III. Clinical Chemistry Determinations 


Determination No. Determination No. 
A/G Ratio: cccccevsessvesess 198 Magnesium, Urine seccsvcoess 32 
Albumin COeoreseoeeeesesee 198 Methemoglobin eeececececeveece rt 
Alcohol, Ethyl eoececcrsccccce 936 Nitrogen, Fecal eceeeececeee 2 
Amylase Coerecerseeceseococs 27 Non-Protein Nitrogen eoecoe 6 
Aecorbic: Acid | 5 <4 i00sdet od 2 Occult Blood Ceoecereeseccece 1137 
Bence-Jones Protein .ececoe 2 11-Oxycorticosteroids ..e.6. 132 
Bile Ceoecereseeeeeeseeoeseee 15 Oxygen Capacity, Blood Aide Ad 1 
Bilirubin ceerorececeecese 166 DH, Blood CoCo eeoeeeeeeseoese 3 
Bromide COCO HOO LOLOL OC OEE h Phosphatase, ACId cccccccce 62 
BS sPs. 2h bs adsi anes gsareed 2200 Phosphatase, Alkaline .ecee 818 
Calcium, S@PUR sdcsccécose -210 Phosphorus, Inorganic .seeee 107 
Calcium, Urine @eoeeccceces 32 Pipette Calibration eocvces 68 
ORICULS gins cise sb Who ents cos 19 Pipette Delivery Check cece 62h 
Carbon Dioxide Capacity .. 7 Pituitrin Concentration ... 1 
Cephalin Flocculation wee. 758 Porphyrins, Urine ....ee+.- 18 
ChloWiNe siscdcvasecesescd 09 PotasSium sescsessccesecess 1233 
Cholesterol cccccccscccces 433 Prothrombin Time ....seeee. 11 
Cholesterol Esters .escose 268 Red Blood Cell Fragility .. 12 
Creatine Coe ereceoeseceece 5 Salicylates Coccerevecscceos ms 
Creatinine Ceereresrecssseeee 52 Sodium Ceres ecececseeereseseses 387 
Fat, POC Kise issctwesedis 20 Specific Gravity eeoccccecee 2 
Globulin (Qualitative) eoe 152 Starch, Fecal wcvcccccccses 1 
Globulin (Quantitative) .. 198 Sulfate, Serum, Inorganic . 6 
IMGOBG Saks kids scececcece 590 Sulfhemoglobin .seccccccces + 8 
Glucose Tolerance ........ 30 Sulfonamides ..se.eecceseee 5 
Hematocrit seseccecccsseee 12 Thymol Turbidity ..scceceee 571 
Hemoglobin, BL1O0G  scccecse 15 Total Protein eeoeccecocsecoees 633 
Hemoglobin, Plasma .ecccee 767 TEVDSID 0.046000 0088ss00 04% 8 
HIStOMine: cecccccsesccosse 177 Urea, Clearance .eccocccees h 
AGCOTAS IMAGE occncccescce: 90 Urea. Nitrogen: sr 0sseessene: eau 
17-Ketosteroids, Urine ece 255 Uric Acid eoecccceseeeeeses 131 
Lead, UFine cecccccveccoce h Urobilinogen eoeeccccecssece 20 
TAGEOR che bdkade 4 005s Koka 25 

Magnesium, Serum .ecccccee 0 Total 12,90 


hemorrhagic fever patients required the use of a flame photometer in Korea. The 
Baird was chosen as the more likely instrument for these electrolyte studies and 
in the early summer it was installed at the 8228th Mobile Army Surgical Hospital. 


To eliminate direct drafts on the flame a five-gallon coffee can was split and bent 


to fit the shape of the back of the instrument. A concrete pillar four feet high 
by two feet square was poured and proved satisfactory for the galvanometer. With 


- internal lithium standards, employed as per the instructions of the manufacturer 
ae the Baird Associates flame photometer was operated daily for a period of seven 


months in the tent laboratory with continuous reproducible results for sodium and 
potassium. It was demonstrated that the highly sensitive galvanometer, operating 
apart from the simple flame unit, can be utilized adequately for accurate electro- 
lyte studies under conditions which formerly would have been believed impossible. 
The easily portable compressor unit also makes this instrument readily adaptable 
for field use. Heat and humidity during the rainy season created some minor fluc- 
tuations of the instrument. These minor difficulties were remedied by insulating 
the control knobs and working at night. 


The Perkin-Elmer flame photometer is much more complex than the Baird Assoc- 
iates instrument. Its use has been restricted to the air-conditioned laboratory 
where it has proven to be a valuable addition for reducing analysis time for 


; 
| 


sodium and potassium. Studies of electrolyte concentrations in various body fluids 
of subjects undergoing prolonged stress of combat were performed for an investiga- 
tive team from the Operations Research Office and procedures to expedite examination 
of multiple specimens of urine and saliva were developed. Experience has shown that 
the Pyrex type container or the plastic bottle are the only satisfactory containers 
for collection and preservation of samples for transfer to the base laboratory for 
analysis and for specimen storage. Soft glass tubes or bottles allow sodium to be 
a Sai from the glass, contaminating the specimen and producing elevated sodium 
values. 


SODIUM AND POTASSIUM IN URINE AND SALIVA: The available literature is incon- 


sistent regarding electrolyte concentrations in urine and saliva. Widely varying 


concentrations of sodium and potassium were anticipated, and it was found necessary 
to experimentally establish normal ranges and average concentrations of these elec- 
trolytes. Specimens from a series of control subjects yielded the data in Table IV. 


Table IV. Electrolyte Ranges in Urine and Saliva 


Specimen Electrolyte Range mEq/1 Mean(mEq/1) 
Saliva Sodium 8.7 = 36.5 6G Geta 
Saliva Potassium 13.5 - 25.0 19.5 
Urine Sodium 2h.0 -291.5 140.0 
Urine Potassium 10.9 -195.5 - 50.0 


Such findings render the immediate determination of sodium and potassium in 


urine and saliva by internal standard methods impossible since any one set of stand- | 


ards will not bracket the wide range encountered. The specimens were initially an- 
alyzed by direct intensity flame photometric methods on appropriate dilutions of 
samples as illustrated in Table V. Suitable concentrations of background elements 
approximating the averages shown in Table IV were added to the standards. 


Table V. Dilution of Saliva and Urine Samples - Direct Intensity 


Specimen Dilution Standard Range Background Elements 
Saliva 1:25 K - 10-100 ppm 23 ppm Na 

Na - 10-100 ppm 28 ppm K 
Urine -1:50 K = 10-200 ppm 64.4 ppm Na 

Na - 10-200 ppm 39.0 ppm K 


The direct intensity findings were used as a guide for determinations utiliz- 
ing the internal standard technic for more precise results. The following outline 
of procedure was found satisfactory. Background elements in concentrations the 
same as for direct intensity were used. Dilutions of the unknown, based on the 
approximate values of direct intensity analysis, were made according to Table VI. 
All dilutions were run against the set of standards indicated in this table. The 
standards were made up to contain background elements and the same concentration 
of internal standard as added to the unknown. Appropriate dilution factors must 
be employed in those cases where the dilution of the unknown sample differs from 
that used for the standards. 


Work with hemorrhagic fever has necessitated the addition of a number of 
procedures to the routine of Clinical Chemistry. In most cases some adjustment 
was found necessary in the technics. The more important procedures now employed, 
as modified by this laboratory, are described in the following paragraphs. 
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| Table VI. Dilution of Saliva and Urine Samples - Internal Standard 


Approximate Internal 
Concen- Standard Standards Standards 
tration Sample Lithium Concentration Range 
Determination mEg/1 Dilution (ppm) & Dilution mEq/1 mEgq/1 
i Potassium 
AI Saliva 10-20 1:50 250 0.2, 0.3, Ok 10, 15, 20 
a 20-0 1:100 250 1:50 dilution 
“Aft 
i Urine 10-25 1:100 250 0:17°052,-043 25, 50, 75 
i 25-75 1:250 250 1:250 dilution 
ae \ 75-150 1:500 250 
5 150 1:750 250 
Sodium ; 
a Saliva 0-15 1:25 250 0.3, 0.5, 0.7 15, 25, 35 
i 15-35 1:50 250 1:50 dilution 
a >35 1:100 250 
- Urine 25.35 1:25 250 110;° 2.25: 1b 125, 150, 175 
: 35-50 1:35 250 1:125 dilution 
50-75 1:50 250 
75-100 1:75 250 
100-125 1:100 250 
125-175 1:125 250 
175-250 1:175 250 
> 250 1:250 250 


URINARY 11-OXYCORTICOSTEROIDS: The method chosen was that of Daughaday, 
Jaffe, and Williams 2). which has been modified and adapted to the equipment and re- 
quirements of this laboratory. The basis for this method is the reducing power of 
the urinary corticosteroids. Periodic acid is utilized for the oxidation of urinary 
extracts with formation of formaldehyde which is then quantitatively measured. 


Reagents - 
l. Chloroform, CP. 
2. Benzene, CP. 
3. Sodium Sulfate, anhydrous, CP. 


lh. Periodic acid reagent: 0.01 M potassium periodate in 0.15 M sul- 
furic acid (0.23 gm/100 ml). 


5S. Stannous chloride reagent: 6.0 gm SnClo or 7.1) gm SnC12.2 H20 
is dissolved in 10 ml hot conc. HCl, diluted to 100 ml with water and a piece of 
metallic tin added to stabilize the solution. The crystals of stannous chloride mst 
be colorless and the solution must be discarded when turbid. 


6. Chromotropic acid stock solution: 5% chromotropic acid, aqueous. 
5.56 gm of reagent grade chromotropic acid (dihydrate) is used for 100 ml. of solu- 
tion which is filtered immediately and stored in a brown bottle. 


7. Chromotropic acid reagent: (Make up fresh for each run). }.0 ml 
stock chromotropic acid is diluted with 15.0 M sulfv-ic acid to 100 ml volume, 


= 


8. Alcoholic sulfite solution: 4.0 gm anhydrous sodium sulfite, CP, 
is dissolved in 100 ml of 1% ethanol. 


9. 5.0 M sulfuric acid. 
10. 9.0 M sulfuric acid. 


11. 15.0 M sulfuric acid. 


Preliminary Treatment of Urine Specimens - The homogenous 2)-hour urine is 
shaken with 2-l gm reagent grade zinc te allowed to stand 10 minutes and fil- 
tered. It is desirable for a 16 ounce aliquot of this urinary filtrate to be sub- 
mitted to the laboratory for analysis for "cortin" and 17-ketosteroid fractions. A 
minimum of 200 ml of the filtrate is desirable for the Cortin determination, although 
a smaller amount is used when patients are oliguric and have a 2); hour excretion less 


than 200 ml. 
Procedure - 


Extraction: To 200 ml of urine samle, 10.0 ml (5% by volume) concen- 
trated HCl is added and mixed thoroughly. This mixture is then extracted by shaking 
for 5 minutes with 200 ml chloroform. The emulsion is allowed to break and the 
chloroform layer collected. Successive extraction with 150 ml and 50 ml portions of 
chloroform is done and the combined extracts dried for 20 minutes over hO gm arhy- 
drous sodium sulfate and then filtered. The vessel, sodium sulfate, and filter are 
washed with 3 successive portions of 15 ml chloroform each. The vroduct of these 
washings is added to the original extract. The combined extract is evaporated under 
reduced pressure to a residue in a water bath below 50°C. This is accomplished by 
drawing calcium chloride dried air through the extract. A two-way stopcock is used 


to control the rate of flow. Chloroform vapors are condensed in two receptacles which 


are placed in series in a dry ice-alcohol bath. A cottonseed oil trap is inserted 
adjacent to the vacuum pump to collect any residual vapors. 


The above residue was taken up in 10.0 ml benzene and the flask washed with two 
2.5 ml portions of benzene into a small separatory funnel. The benzene fraction was 
partitioned 3 times with 10.0 ml, 5.0 ml, and 5.0 ml portions of distilled water, 
centrifuging each time at 800 rpm to break the emulsion. The combined aqueous 
fraction has 20 ml volume. 


Oxidation - A ml aliquot of the aqueous fraction was pipetted into 
a small distillation flask and 2 ml of the periodic acid reagent added. Oxidation 
was allowed to proceed for 5 minutes at room temerature after which 1.0 ml of the 
stannous chloride reagent was added to neutralize excess oxidant. Three ml of 5 M 
sulfuric acid was added to the flask, giving a total volume of 10 ml. Four ml of 
distilled water was similarly treated and carried through as a blank. 


Distillation - The distillation apoaratus used has ground glass 
joints throughout. Distillation was accomplished by heating with a micro burner 
until slightly less than half of the solution was carried over. The distillate was 
collected in a 15 ml graduated centrifuge tube containing 1.0 ml of the sodium sul- 
fite solution. The delivery tip of the condenser must be placed beneath the surface 
of the sulfite to prevent volatilization loss. Heating must be constant to vrevent 
contents of the receiving tube being sucked back into the condenser. The total 
volume in the centrifuge tube was adjusted to 6.0 ml by addition of distilled water. 


Color Development - 5.0 ml of chromotropic acid reagent were added 
to 3.0 ml of the distillate Ts a Coleman cuvette. The tubes (unknown and blank) 
were heated to 100 C. in a water bath for 30 minutes, allowed to cool, and the 
final volume adjusted to 10 ml by addition of 2.0 ml 9 M sulfuric acid. The optical 
density was measured in the Coleman Junior Spectrophotometer adjusted to 100% T at 
550 mu using the blank prepared as above. 
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wih Calculations - On a weight basis the amount of formaldehyde formed 

ip by the periodic acid oxidation should approximate 8-10% of the amount of steroid. The 

a conversion factor used below renresents a 7.6% liberation of formaldehyde. Until 

et isolation and identification of the comoounds from the urine made the use of an 

i accurate standard possible, this approximtion is regarded (2)as sufficiently 
accurate, 


"Cortin" (or formaldehyde liberating comoounds), mg/day = 10 DKV 
SO 


i 10: Dilution factor of the method. 
nf D: Optical density. 


K: Conversion factor of OD to mg Cortin - 0.203. (Determined 
for instrument of this laboratory using for- 
maldehyde standards). 


V: Total volume of the 2) hour urine. 
a 200: Aliquot of urine extracted. 


i Normals - Limits of normal have not been established with finality 
but, as employed at this laboratory, the method yields values of 1.0-2.0 mg/day 
in normal subjects. 


Results and Discussion - The reason for pH effect on the yield of 
urinary cortin remains obscure. 1t has been suggested that a labile conjugate of 
the corticosteroids may be susceptible to such mild hydrolysis. Strong hydrolysis, 
such as used in separation of 17-ketosteroids, results in destruction of the for- 
maldehyde-forming compounds. It was demonstrated (2) that acidification to pH 1.7 
before extraction resulted in almost a 2-fold increase in the amount of biologic- 
ally active corticoids extracted. 


The extract need not be washed with water and alkali to remove estrogenic sub- 
stances and other phenols and vigments since estrogens do not form formaldehyde 
with periodic acid and urinary pigments do not enter the distillate. 


It is believed that the vartition with benzene and water increases the snecif- 
icity of the method since the vroperty of successive solubility in chloroform, ben- 
zene, and water is not ascribed to many formaldehyde-liberating compounds. 


The possibility of loss during the benzene-water vartition presents itself. 
This was investigated (2) by assaying the benzene and water fractions of a series 
of urines. Average results of this survey indicate that avproximtely 90.0% of the 
formaldehyde-forming compounds were removed in the water phases. This was taken 
into account in ascribing a theoretical recovery vercentage to be utilized in the 
final calculation. 


Due to lack of pure compounds for individual study, the oxidation of the cor- 
ticoids and similar substances with periodic acid must be deemed to result in variable 
formation of formaldehyde. This report gives reference to statements concerning the 
following: 


Compounds with ketol side chain yield 1 mole formaldehyde/mole of steroid. 


With a dihydroxyacetone type of side chain the reaction forms, under certain 
conditions, from 1 to 2 moles formaldehyde. 


With a glycerol type side chain there is vossibility of formation of 2 moles 
of formaldehyde. 


With the method herein used, desoxycorticosterone was found to liberate 1 mole 
of formaldehyde. This variability of formaldehyde formation indicates that results 
have a doubtful absolute value but a useful relative value. 


The time of oxidation was arbitrarily established at 45 minutes when it was 
learned there was rapid reaction up to 30 minutes, no appreciable change between 
45 and 60 minutes, and only a mild progression thereafter, according to the authors. 


SERUM OR PLASMA AMYLASE: The following method is an adaptation of the methods 
first proposed by Somogyi (3). It varies from the original in that the measure of 
saccharogenic action of the enzyme is made by estimation of glucose by the Folin-Wu 
technic whereas Somogyi employed the Shaffer titration method. One-tenth the amount 
of starch which was proposed is employed. This has permitted freedom from occasional 
clouding of control filtrates with resultant low amylase values, 


Reagents ~ 


1. Starch solution - 150 mg soluble starch, CP, suspended in 5 ml of 
distilled water is added to 90 ml boiling distilled water. The container is rinsed 
with an additional 5 ml of water which is added to the boiling solution. The solu- 
tion is boiled for 1 minute, then incubated in a 00°C. water bath for 15-30 minutes. 
This solution must be preserved by refrigeration to retard bacterial growth and 
should be prepared fresh each two weeks. 


2. 1% sodium chloride. 
3. 5% copper sulfate. 
is. Oe sodium tungstate. 
Procedure - The test is set up in a series of 16 mm test tubes as follows: 


Tube #1 (Unknown) - Place 5 ml starch solution in test tube, warm 
to h0°C., add 1 ml plasma cr serum and mix, 


Tube #2 (Starch Control) - Place 5 ml starch solution in test tube, 
warm to )0°C., add 1 ml distilled water and mix. 


To each of tubes #1 and #2, 2 ml of 1% sodium chloride is added and 
the tubes incubated in a water bath at )0°C. for exactly 30 minutes. 


A sample control (tube #3) is prepared while tubes #1 and #2 are 
being incubated by mixing seven ml, distilled water and one ml. test serum or 
plasma in a 16 mm test tube. This tube is not incubated. 

Immediately after the 30 minutes ircubation, 1 ml of 5% copper sul- 
fate followed by 1 ml of 7% sodium tungstate are added to all tubes. Each tube is 
mixed after addition of each reagent and the solutions are filtered. 


Snail labeve glucose determinations are run on all filtrates. The 
Folin-Wu glucose method is used in this laboratory. 


Urine Diastase (Amylase) - 
The pH of urine must be adjusted to the rance of 6,8-7.2. 


Acid urines are adjusted with sodium carbonate and alkaline urines are 
adjusted with acid phosphate. 


Phenol red may be used as an indicator. 


After urine pH is adjusted, the test is performed exactly as for serum, 
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4 Calculation - 


Unknown (Starch control 


Serum control) 
(Tube #1) ~ (Tube #2 ¢ 


Units of amylase 
Tube #3) 


per 100 ml serum 
or urine 


Interpretation: 


Normal: 


serum 15 - 35 units (i.e. mg glucose liberated per 100 ml 
serum) 
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urine 30 - 50 units. 


Sg ae SS 


ote Sto ae FS 
Se errr 


TOXICOLOGY: Toxicological examination was completed on 876 individual cases 
dur ing ‘ his represents an increase of 1% over the cases completed in 1951. 
Of the individual cases examined, 215 were autopsies, 618 were clinical cases, and 
43 were miscellaneous cases generally examined in cooperation with some other labor- 
atory. The clinical case is the non-fatal case in which body fluids are submitted 
for examination to determine the vresence of suspected toxic substances, The major- 
ity of these are individuals who are suspected users of narcotics. 
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With additional cases and varied problems being presented, a considerable amount 
of time has been spent on investigation of procedures and evaluation of technics. 
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Table VII lists the types of specimens received and Table VIII shows the various 
examinations required to complete work on these specimens. 
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year. 


the presence of some ethyl alcohol. 


Table VII. Toxicology Specimens Received 
Specimen No. Specimen No. 
Ampules Coeeceesresesesesee iF Pleural Fluid ssiseicckce 3 
BLOG  siksvadeneee seed ee ve 64:7 Spinal PANI ci aunsec een x 
BONG scivescvieccsecsveseds 1 Spleen Ceoocccecvecscveece 1 
; DORE ees icdecesecacwees 152 Sputum Ceeeeccecosesosces 2 
i Capsules Ceoeecceeecseoreeee 11 SUOMACR seas ccens senseces 1 
5 Cigarettes eocererececesee® 22 Stomach Content eceececeoe 158 
Crystalline Materials ... 13 Syringe and Needles ..... 15 
FECES ccocccccccsccecccces 2 Tissue, Mixed -ccecccsecds Y 
GOSOLING: isu kewe cc ceet es 3 Tooth Paste wesccccocscce 3 
Gastric Wash ececccccccccecs 2 Unknown Fluids eeccsvcscee 20 
Heart: acs sins cane ees » ov eas 2 Unknown Tablets eeoccccece 2h 
Intestinal Content ..cecce 18 Urine Ceocercecssececeseose 89 
Intestine cecccceccccccce 8 Vomitus Ceeecrcevrceseeceere 5 
Kidney Coeececrceorcessese 157 Water seoccccccccssceveces 1 
LIVOr ‘Vis ssi i ooh eeeesceve 182 Whiskey COeeesecesceorecsccoe 2 
Lung Ceeceeceereosecesese 2 
PANCFEAS cecccecccecccccs 1 
Plant Material weccoceree t Total 1,966 


Following is a brief review of the more significant positive findings for the 


Ethyl Alcohol - Sixty-three of the 215 autopsies (29%) examined showed 
This is the same percentage as in 1951. 


Carbon Monoxide - Seventeen cases were deaths due to carbon monoxide 


poisoning. Hemoglobin saturation ranged from 20% to 73.3%. Twelve cases occurred 
during the first three months of the year. 
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Table VIII. Toxicology Examinations Completed 


Determination No. Determination No. 
Alcohol, Amyl @eeeeeevevoeee ee ees 9 Marihuana @eeeoeeoneoeoed 20 
Alcohol, Ethyl ccccccccccsccese 120 Morphine eccccccccccceetg 3/9 
Alcohol, Methyl Coooereverccses 97 Naphthalene @ovccccerece 6 
RAGGNIGON  66.kc dvds bc edd tesa 932 Nicotine: écwis ive cccnd 8 
Alkaloids, Other dais J awleweceen? 50k Opium eoeeeecsecercccoos \ 
APROMLC a ciccicacveecvaceuse cee 10 Phenols Coeecescececseeses 635 
Barbiturates (Qual.) diigeisioweely gen Pine OF}: iveecdcecivena 8 
Barbiturates (Quan.) .ccccccee 26 Pyriberiszamine sscieedee: <2 
BVGMEGOS .ckc dave icccc cécwens L7 Quinidine .cccccececese 6 
Carbonates Ceoeeorseceserererese 9 Quinine @Coecceccserveceee 8 
Carbon Monoxide ..cccccscceces 99 Salicylates Coecoceeccesce 18 
Chlorides sccecectiicssoace seas ly 2 (SL AICR. o6indneedecseune’ 7 
Codeine ceccocccccsccssaesecce 150 Stared «segs veeodsdcieeed 6 
Cyanide Céawteed es sic bee nt cue 83 Sulfonamides eceoercecese 12 
Halogenated Compounds eoovcece 4,86 Miscellaneous eeoceorese 72 
Heavy MAtals. vcecdcécceawesece 197 

Hydrocarbons Coorrvrceceosereece 4 Total 10,679 


Chlorides - Comparison of chlorides in left and right heart bloods was 
made in 5 cases of suspected drowning. 


Methyl Alcohol - This substance was detected in only one autopsy this 
year as compared to 13 cases in 1951, 


Diethylene Glycol - One autopsy was encountered in which diethylene 
glycol was recovered from the stomach contents, 


Pine Oil - This substance was found in the stomach content submitted 
on one attempted suicide case, 


Naphthalene - Recovered from the stomach content submitted on one 
case. 


Alkaloids - Alkaloids were recovered from the tissues and fluids sub- 
mitted on 80 cases during the year. Thirteen of these were autopsy and 67 were 
clinical. Morphine was the alkaloid most frequently encountered, but codeine was 
found in lh cases. 


Barbiturates - The specimens submitted on 8 autopsies and 55 clinical 
cases showed the presence of barbiturates. 


Arsenic - This substance was detected in the urine submitted on one 
case. 


Miscellaneous Specimens - Numerous miscellaneous specimens, usually 
suspected narcotics, were received for examination and identification. The 
findings on these specimens included heroin, morphine, codeine, crude opium, 
marihuana, various barbiturates, amphetamine, quinine, quinidine, sulfonamides, 


foot powders, bromural, and salicylic acid. 


Progress on various research projects aimed at more accurate, reliable, and 
shorter toxicological methods is reported below. 


methy- Alcohol - The problem of detecting small quantities of methyl 


alcohol, espec y in tissue specimens contaminated with formaldehyde, has been 
solved by the use of a method not dependent on the reduction of methyl alcohol 
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to formaldehyde and the subsequent detection of the formaldehyde. This is an adap- 
tation of several established methods and was obtained from the Army Medical Service 
Graduate School. It involves the separation of methanol from tissue or fluids by the 
use of a special all glass steam distillation apparatus. The alcohol is then separ- 
ated from the distillate rectification and a derivative is prepared using 3,5 
dinitrobenzoyl chloride (5), The derivative is identified by its melting point. The 
preparation of the derivative is accomplished on a micro scale using a microsublim- 
ation eaiyg 9 The detailed procedure for distillation and rectification are given 
in Gradwohl (6). ‘The rectified material is collected in a micro test tube contained 
in a beaker of crushed ice, A small amount of 3,5 dinitrobenzol chloride is added to 
the alcohol and the tube is gently warmed in a water bath for a few minutes. The 
contents of the tube are placed in the bulb of a microsublimation apparatus, connec- 
ted to a vacuum pump and placed in a tube furnace. The tube of the sublimation ap- 
paratus is lined with a piece of Visking tubing and the apparatus is placed in the 
tube furnace in such a manner that this part of the apnparatus extends out of the 
furnace and receives no heat. A thermometer is placed in the furnace, suction is 
applied, and the temperature is raised to 100°C. where it is maintained for about one 
hour. If methanol is vresent, crystals of the 3,5 dinitrobenzoate will form on the 
Visking tubing lining the sublimation tube and can be removed for a micro melting 
point determination. The methanol derivative should melt at 107°C. Ethyl alcohol 
gives a derivative melting at 93°C. The method has been helnful in establishing 

the presence of very small amounts of methyl and ethyl alcohol in specimens. 


Alkaloids - With few excentions, every toxicological specimen received is 
routinely examined for the presence of these narcotics. A new method for the ex- 
traction of alkaloids from body fluids has been developed in this laboratory and 
the results gained in hundreds of extractions have shown the method to be superior 
to any used in the past. 


METHOD FOR URINE: Gross and Thompson (7)have shown that acid hydrolysis will 
permit the extraction of that vortion of morphine present in a conjugated form in 
urine. Fifty to 100 ml are placed in a 500 ml Erlenmeyer flask and subjected to 
hydrolysis by the addition of concentrated hydrochloric acid, 10% by volume, and 
autoclaving at 15 pounds pressure for 30 minutes. After cooling the specimen is 
transferred to a 250 ml centrifuge bottle and 25 to 50 ml of chloroform are added. 
The bottle is stoppered, shaken for three minutes and centrifuged for about 15 
minutes at 3000 rpm in an International size II centrifuge. With the aid of a 
50 ml volumetric pipette and rubber bulb as much of the chloroform layer as pos- 
sible is removed and filtered through filter paper. The extraction is repeated a 
second time and the chloroform is combined and evaporated in a small beaker. The 
residue is examined for barbiturates and other acid and neutral substances, 


Experience has shown that hydrolysis produces a dark brown discoloration in 
many of the normal constituents of urine. This material is extractable with 
chloroform from an acid solution so that the residue in most cases is not entirely 
suitable for examination. Where barbiturates are suspected, a portion of urine 
is extracted without hydrolysis and this residue is examined for barbiturates. 


The aqueous solution remaining in the centrifuge bottle is made alkaline 
with 10% sodium hydroxide solution and extraction with chloroform, in two por- 
tions, is repeated. The residue will contain alkaloids other than morphine. 
For the extraction of morphine, the aqueous solution is made acid with hydrochloric 
acid and then basic with ammonium hydroxide solution. Two extractions are made 
with a chloroform alcohol 9:1 mixture. 


The residues of the two alkaline extractions are next screened and purified 
by a vaper chromatographic method, described in detail elsewhere in this report. 


The residues obtained from the extraction of urine after hydrolysis are not 


suitable for the usual methods of examination involving color reactions and crys- 
talline formation without first applying some form of purification. The use of 
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various solvents in purification of these residues has been attempted with only lim- 
ited success. Development of the chromatographic technic has eliminated the need 
for further investigation on this matter. 


METHOD FOR BLOOD: Specimens of blood are extracted in the same manner as urine 
with the exception that there is no hydrolysis. The blood specimen (20 to 30 ml) is 
placed in a centrifuge bottle and an equal volume of distilled water is added. The 
solution is made acid with 3 N hydrochloric acid. Caution mst be exercised at this 
point or separation of the chloroform and aqueous phases will not be possible. It 
has been found that 8 drops of 3 N hydrochloric acid for 20 ml of blood will result 
in proper acidification. An excess of acid will result in an emulsion which can 
only be broken with difficulty. From this point, extractions are carried out as 
described for urine. 


The residues cbtained in the extraction of blood are as pure as those obtained 
by other methods and it is possible to examine them without resorting to further 
purification, although in this laboratory all extracts are routinely purified by 
paper chromatography. 


Barbiturates - A new method placed in use this year is the Goldbaum (8) 
ultraviolet procedure for the determination of barbiturates. The original method 
has been modified following personal communication from Dr. Goldbaum. With this 
procedure quantitative work is possible and identification can be made in cases 
where one of the common barbiturates is encountered, 


An attempt to develop a satisfactory quantitative method for the deter ~ 
tion of barbiturates using the isopropylamine and cobalt chloride reaction 
was abandoned when it was found that the intensity of the color developed was de- 
pendent upon the concentration of both cobalt chloride and the barbiturate. 


FOOD CHEMISTRY: The Food Chemistry Section, established late in the year of 
1950, functions as a quality control laboratory in the analysis of recombined 
milk products produced by the several vrocessing plants in Japan, in the analysis 
of comoonents of the Republic of Korea field ration, and other food products pur- 
chased from local contractors. It functions as a nutritional reference laboratory 
in the analysis of foods for vroteins, fats, carbohydrates, fiber, ash, moisture, 
caloric content, ascorbic acid, thiamine, riboflavin, and calcium, 


Space is a limiting factor in the amount of work that can be accomplished. 
The section moved in April to a separate room which provides more working area. 
However, with the increase in the number of samples and the multiplicity of tests 
requested, little or no space is available for investigative work other than devel- 
oping new procedures of analysis for products submitted from the field. 


Methods of analysis follow the procedures of "Standard Methods of Analysis of the 
Association of Official Agricultural Chemists" (A.0.A.C.), Seventh Edition, 1950, 
where possible. It has often been found necessary to adopt methods with modifications 
from other standard tests due to the nature of the sample received when no method is 
found in "A.0.A.C." Samples analyzed and types of determinations accomplished are 
shown in Tables IX and X. 


The number of samples received during the year varied widely from month to 
month with a low of 175 samples for January to a high of 39 for February, with a 
monthly average of 300 compared to 175 for 1951. The number of determinations in- 
creased from 7,000 to 12,000. 


The analysis of dairy products in the quality control of recombined milk, choc- 
olate milk, ice cream, buttermilk, cream, and eggnog comprised a large part of the 
work. A summary of the analyses in comparison with 1950 and 1951 appears in Table 
XI. 
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Table IX. Food Chemistry Specimens 


Sample 


Beef, Ground ceccccccccccces 
Biscuits, Field, ROKA .ssees 
Cake Mix, Crd coccccscvesces 
Candy, Sugar, Korean ceoccece 
Cherries, CNG ssaweseckes sien 
Chicken, Boiled, Cnd .eccecce 
Dairy Products: 
Butter @eeeeeveeveneeseeoeeoeved 
Buttermilk .ccccccccccces 
Cheese, BlUG ceccccccccce 
Cheese, Cheddar cesverecce 
Cheese, Cheddar, Proc., 
Crd cccccccsccccce 
Chocolate Milk cecccccece 
Cream coccvcccccccccccccece 
Eggnog @eeveeeteeeeeseoeoeeoees@ 
Ice Cream ceccccccsccsece 
Ice Cream, Mix, Pwd cecce 
Milk, Whole, RaW ceccceces 
Milk, Whole, Past. secooe 
Milk, Hom., Past., Recom- 
dined cccceccccose 


1193 


Sample 


Dog FOOd coscoccccccccccce 
Fish: 

Cod, Dried seccccecccece 

Cuttle, Dried cecccccece 

Sardines, Cnd cocccccece 

Shrimo, Crd cecccccccce 
Flour: 

Rice @esseevneeeoeeoee e¢ee8 

Wheat ccccccccccoscccece 
Junket Tablets secscccsnes 
Ketchup COCO CEE REC ECLEEEOE 
Luncheon Meat .ecccccccece 


‘Miso (Bean Mash) @ocrccoce 


Orange Drink cccocccccccce 
Pimentos, Crd cosceresecces 
Ration, Complete, Hosp.... 
Sausage Brine cecceccccces 
Shoyu (Soy Sauce) .ecccoee 
Tomato Sauce, Cnd eeccccee 


Total 


Table X. Food Chemistry Determinations 


Determination 


Acidity @eeveeeeeeoeoeoaooeeeeee 
Aldehydes .eccrccccccccccces 
Ant imony Sceceececocosoecoecsece 
APSENiC cecececcccccesccccce 
Ash @eeeoeeeeeoosetoeeeeneee eee 
Baume @eeeeeoeveeoeoev eoceeoeoeoe eee ee 
Benzoic ACid cecccccccccccce 
Bismmth ceccccccccccccscccece 
Boric Acid @eeereoeeeseeoeeeeo ee 
Cadmium @eeeeseoeeooeeeseseeoe 
Caloric Value cecccccccccces 
Carbohydrate Coeccecerecoseoce 
Carbon Dioxide cececcccccccce 
Chlorides, Quant. eoeosescree 
Copper, Quant. e@eeeeneneoen ee eee 
Curd and Salt cesccececcccce 
Fat eeeeeeeeeeneee eee ©Cee2e see 
Fiber @eeeereevesceseosveoeeoeeee 
Fluid Content ceccccccccccce 
Formalin cecccccccccccccccce 
GLUCOSE ccccccccccccceccvcce 
Glycogen cocccccccccccccccce 
Hydrogen Ceccececseroseseeeoee® 
Hexabromide ) eee 


Iron @eeesteeeseseeoeeeeeeeoe ee 


Determination 


Levulinic Acid secccccccee 
Mercury COeoereoreoseseces 
Moisture ceccccccccccccecce 
Monochloracetic Acid cecee 
Nitrates ceccoccecccccccce 
Nitrites eeseeeeeaee ee es eeed 
Nitrogen, K jeldahl eoversecece 
Organoleptic @cerceceocececee 
Phosphatase, Residual cece 
pH COLCH SEE O OHO LES LES EEOE 
Protein secocccccccscceses 
Rennin, Quant. ccccccccces 
Reinsch Test cecccccccccce 
Saccharin ccccceccccccccece 
Salicylic ACIA cecccccccce 
Sediment ceccccvecsccccscces 
Sodium Chloride cecscccccee 
Solids not Fat ceccccccece 
Starch ccocccccccccccccccecs 
SUCTOSE ccoccccccccccsccese 
Sulfites cccccccccccccccce 
Total Solids cccccccccceccs 
Total Sugar ceccccccereces 
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Total 12,131 
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Table XI. Examination of Dairy Products 


No. of Samples 
No. of Low in Butter Fat Percentage 


Products Year Samples or Total Solids Low 
White Milk 1950 53 8 15.1 
White Milk 1951 659 106 16.1 
White Milk 1952 1193 19 1.6 
Chocolate Milk 1950 2 5 11.9 
Chocolate Milk 1951 280 1h 5.0 
Chocolate Milk 1952 690 8 T.2 
Ice Cream 1950 32 3 9.3 
Ice Cream 1951 580 95 16.4 
Ice Cream 1952 976 22 2.3 
Cream 1950 None o< Be 
Cream 1951 55 15 27.3 
Cream 1952 81 2 245 
Buttermilk* 1952 20h 2 1.0 
All Dairy Products 1950 137 16 137 
All Dairy Products 1951 157h 230 14.6 
All Dairy Products 1952 314b 53 Let 


#* Nome in 1950, 1951 


There has been a major improvement in the quality of the vroduct beginning in 
January of this year and continuing throughout the year, which coincides in general 
with the establishment of pecuniary penalties for contractual violations. Prior to 
this many violations were reported but there was no real incentive for the contractor 
to improve his product until he became financially liable under the contract. 


Fat separation of milk and, to a greater extent, melted ice cream samples was 
experienced again during the summer months beginning in June and vrogressively worsen- 
ing during July and August until the veak was reached in Sevtember. With cooler 
weather making for better shipping conditions, fat separation ceased abruptly. This 
difficulty was anticipated from our experience in 1951. The separation was not due 
to souring as only a few samples were soured. 


The method of shipping samples to the laboratory was greatly improved about the 
middle of October, 1952 when insulated wooden containers measuring one cubic foot, 
lined with sheet metal, and containing two or three sealed, pre-cooled calcium chlor- 
ide discs as refrigerant were substituted for the inadequate wooden boxes previously 
used. Prior to use of the new containers samples were received with 0.01, 0.05, and 
0.1% formalin added. Some were preserved with a mixture of sodium borate and mer- 
thiolate. Others had no preservative added. 


The first samples received in the new container were shipped without preservative 
and arrived in unsound condition. It was suggested that the insulated container be 
pre-cooled for 2l; hours in the ice cream hardening room before shipment. Since that 
time dairy product samples have arrived in good condition. It is believed that sep- 


aration during shipment is due to the constant agitation of the product while in transit 


at temperatures above the melting point of butterfat (28-360C.). A preliminary study 
was begun but discontinued due to the press of routine analyses and lack of working 
space; however, it was discovered that the same type of separation could be produced 
by shaking the milk in a shaking machine at 300 strokes per minute. Untreated milk 
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at 20°C. separated in 20 minutes; untreated milk at 30°C. separated in 8 minutes; 
milk treated with cc of ammonium hydroxide per quart separated after one hour's 
shaking at 30°C., but separated after 10 minutes shaking when stored at 33°-35°C, 
for 2) hours prior to shaking. 


Early in the year several duplicate samples were exchanged with the Internat- 
ional Dairy Supply Laboratory. The samples were analyzed for butterfat and total 
solids by their technician and by two technicians of this laboratory. Results of 
analyses between the two technicians of this laboratory agreed well but were not in 
agreement with results obtained at International Dairy, who were using the Dietert 
method. This is a short-time, high-temperature (275°C.), forced-air method. Their 
results were higher for both total solids and butterfat in each instance. It was 
suggested that they increase the time of drying 19-25% in order that the samples 
be brought to constant weight. Since that time the Dairy has installed suitable 
equipment for analyses by the official "A.0.A.C." methods and the two laboratories 
are usually in close agreement on "companion" line samples. 


The residual phosphatase method, as described in "A.0.A.C.", for determining 
adequacy of pasteurization of dairy products was instituted during the year. One 
sample of butter from a local Japanese restaurant, as well as samples of butter orig- 
inating in Denmark, New Zealand, and Australia, were found to give high results. 

Milk from a local dairy, as well as open market purchases of milk, butter, and ice 
cream were negative. . 


Study of the Hynds method (10, 11) for the detection of horse meat in ground 
meat was continued during 1952 to see if this method could be used as a quantitative, 
as well as a qualitative method. Hexabromide determinations on the fat of various 
mixtures of authentic ground horse and beef meat were made and the mixtures tested 
for glycogen. The results of the analyses are shown in Table XII. The method is 
rapid, requires no unusual reagents, as does the pvrecipitin test, and can be used 
for approximate quantitation. 


Table XII. Examination of Mixtures of Beef and Horse Meat 


Composition of Sample Glycogen Mg. Hexabromide/G, Fat 
100% Horse Meat Plus 128.0 
0% Horse Meat, 100% Beef Meat Negative 1.6 
10% Horse Meat, 90% Beef Meat Plus 1 28.7 
25% Horse Meat, 75% Beef Meat Plus 2 57.3 
50% Horse Meat, 50% Beef Meat Plus 3 88.2 
75% Horse Meat, 25% Beef Meat Plus 111.9 


The ascorbic acid procedures were reviewed and revised during the year. The 
2, dinitrophenylhydrazine method of Roe (12) and the 2,6 dichlorophenol indophenol 
method of Pepkowitz (13) were investigated. Both methods appear to be quite satis- 
factory. The indophenol method is the more rapid of the two methods, Roe eliminates 
diketo-l-gulonic acid (DKA), a biologically inactive oxidation vroduct of ascorbic 
acid and determines both of the active forms of the vitamin, l-ascorbic acid (ASA) 
and dehydro-l-ascorbic acid (DHA). Former methods using phenylhydrazine determined 
not only the active ASA and DHA but also the inactive DKA. The indophenol method 
is not affected by DKA and was adopted as standard because it is rapid, results are 
reproducible, the dye need not be standardized, no calibration curve need be con- 
structed, a large amount of sample may be used, and K remains constant for the same 
photometer and cuvettes. Repeated examinations with the Pepkowitz method showed the 
K factor to remain relatively constant at varying concentrations of ascorbic acid. 
The method of Roe followed Beer's law in ascorbic acid concentrations between 5 and 
13 gamma . 


a 
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Methods for the determination of thiamine were investigated. The first method 
investigated was the ort method of Hochberg, Milnick, and Oser as described 
by Hawk, Oser, and Summarson 14), The method involves hydrolysis of the sample 
with 0.95 N sulfuric acid, digestionwith takadiastase at oH 4.5, adsorption of the 
vitamin on a zeolite colum, elution of the purified vitamin from the column, and 
use of the Prebluda and McCallum diazotized amino-acetephenone color reaction to 
form a red pigment with purified thiamine at oH 9.0. The pigment is extracted with 
xylene and compared with a blank and standards similarly treated. The comparison, 
made fin a spectrophotometer at wave length 520 mu, is reasonably reproducible for 
pure thiamine, omitting the zeolite purification step. However, the addition of 
copper or iron in the ratio of three parts thiamine to one of heavy metal caused a 
low result. Chromium did not interfere. Adsorption and elution using Permtit, Folin, 
after careful preparation with acetic acid and potassium chloride, did not give quan- 
titative or reproducible recoveries, A Japanese product (Vita-Change, Wako-Junyaku 
Co., Ltd.) gave recoveries no better than Permutit. The Pyke Thiochrome-Ferricyanide 
Flurometric modification as described by Winton (15), was investigated. It appears 
to have merit since it not only eliminates the zeolite colum but also because it 
is simple and directions are given for handling a variety of food oroducts. The 
method is based on Jansen's observations that thiamine in aqueous alkaline solution, 
when oxidized by potassium ferricyanide to thiochrome, has an intense blue fluores- 
cent color. The thiochrome is extracted from the aqueous solution with isobutanol 
and compared in the photoflurometer against a standard thiamine solution with a 
blank for both sample and standard treated in a manner similar to the sample but 
containing no ferricyanide. A "Substitute Standard" solution of quinine sulfate is 
used to set the instrument at 100 on the slide wire potentiometer and zero on the 
galvanometer. The instrument is checked with the substitute standard before and 
after each reading and readjusted if necessary. Frequent adjustment is necessary 
as line voltage fluctuates considerably and no constant voltage transformer is avail- 
able. Recoveries from 79-10% have been obtained from whole milk, evaporated milk, 
lettuce, and cabbage using this method. 


The fluorometric method for the determination of riboflavin in food, as described 
in "A.0.A.C." (16), has proven adequate. Analysis using the method was applied to 
evaporated milk with recovery of 100% of added riboflavin; 98.4% of added vitamin . 
was recovered from wheat flour; 89.6% from fresh cabbage; and 87.0% from fresh lettuce. 


Miscellaneous analysis of food has included the determination of moisture and 
protein in ROKA Field Biscuits; the kind and amount of gas present in cake mix and 
canned cherries; composition of Korean "Victory" candy for the ROKA Army; amount of 
iron and copper present in ice cream mix powder; moisture and sand content of rice 
flour; carbohydrate, protein, fat, ash, and moisture in hospital diets submitted by 
the Hepatitis Research Team; calcium in canned dog food of Javanese purchase; junket 
tablets for rennin content; adulteration of ketchup and orange drink in which no adul- 
terants were found; and the nitrate content of a brine from canned sausage. 


ALLERGY INVESTIGATION: The main object of the Allergy Investigation Section has 
been to continue the investigation of the condition known locally as "Yokohama Asthma", 
Symptoms of this disease and an outline of earlier work have been described previously 

- The continued studies on pollen and fungi spores yielded important, but negative, 
information. Many aspects of this disease suggest that its cause lies in air pollution 
similar to that recognized in many industrial cities in the United States (18, 19), 
where combinations of air pollution, topogravhy, and unusual meteorological conditions 
cause "smog". In many asvects the symptoms registered by victims of "Yokohama Asthma" 
are similar to the symotoms of "smog" victims. For the foregoing reasons air pollu- 
tion in Yokohama was investigated during the latter part of 1952 (Table XIII). 


Botanical Studies - The early vart of the year was spent on the cultivation 
of molds and rusts, such as Alternaria, Homodendron, Aspergillus, and Puccinia for 
preparation of allergenic extracts. The atmospheric st ies taken from January to 
March showed numerous spores of Alternaria and Aspergillus and parts of rice stalks. 
Studies on algae (seaweed) and fern spores were AES made during these months. The 
drying and packaging of seaweed is one of the major winter industries surrounding 


Tokyo Bay. 
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Table XIII. Work Performed by Allergy Section 


Material Received for Extraction cecccccocccnecccceccccecce 21 
Plants Collected for Pollen Reference Slides .wesccccceccee 217 
Plates Exposed for Mold Counts ceoecccocccccccvccesccccces 82 
Fungi Allergenic Extracts Prepared SCOCOCCEEE OSE eEESEEELEEEE 19 
Inspections made Regarding Yokohama Atmosphere .ccccccceee Shi 
Reported Incidence of Yokohama Asthma cececcecccccccccccece 587 


During the early spring months from March to June the most significant air-borne 
pollen found on slides were the cedars in April and pines in early May. These two 
plants are found abundantly throughout Japan and varticularly around Yokohama, where 
many small stands of cedar forests are located. Pollen of Betula, Ginko, Castanea, 
Acer, and Alnus were also counted on the slides, but were usually less frequent than 
the pollen of cedars and pines. 


The summer months bring myriads of flowers of various garden types, mostly ento- 
mophiles, which have little significance in this study, especially since incidence of 
"Yokohama Asthma" is very low during this time. The rainy season extending through 
June and July prevents dissemination of pollens, even those of anemophilous tyne, 
such as grasses, 


Autumn produces more suspected "hayfever" plants in the Yokohama-Tokyo area than 
any other season. As in most parts of the United States, the Yokohama area has all cf 
the weeds which are capable of producing hayfever. These include amaranth (pigweed 
and carelessweed), chenopods, atriplexes (saltbushes and Orachs), and various members 
of the Compositae, such as Ambrosia (ragweeds), Xanthium (cocklebur), Solidago (golden- 
rods), Artemisia (sagebrush), and Chrysanthemum (cultivated and wild species). These 
plants begin to flower in mid-August and in the case of Chrysanthemums last through 
December until the first or second killing frost. 


It is probable that many cases of asthma are caused by the pollen of the hayfever 
producing plants found in this area. However, the greatest incidence of "Yokohama As- 
thma" occurs during periods when little pollen of any tyne is produced. Clinical test- 
ing of pollen and spores found during the periods of high incidence of "Yokohama Asthma" 
did not yield any positive results. 


Air Pollution Studies - The composition of the atmosphere of Yokohama is 
not constant. Due to the many heterogenous by-nroducts of industry, the sources of 
air contaminants are many and varied. Foremost to be considered is the combustion of 
fuel. Liquid and gaseous fuels discharge sulfur dioxide and all tyves of organic 
gases and vapors including methane, acetylene, aldehydes, phenols, ketones, ammonia, 
and alcohols. The burning of coal discharges soot, water vapor, carbon monoxide, 
carbon dioxide, oxides of nitrogen, hydrocarbons, and organic acids. Workers in Los 
Angeles (20) revort the following figures of known daily emissions of air contamin- 
ants from gasoline combustion alone: 


Oxides of Nitrogen seccceseee 132 tons 
Sulfur Dioxide’ <ssecccteseses 21 tons 
Aldehydes .csccccccscccsecces 10 tons 
Organic ACIdS cecccccccecccece 7 tons 
A@POSOlS ccccccecssvccceseocces 25 tons 


Normally all of these products are removed from the air by natural weather processes. 
However, during certain periods of the year these pollutants may be retained in an 
area by temperature inversions, weak and alternating winds and high hills and mount- 
ains. In Yokohama all these processes come into play during the winter months so that 
for long periods of time a "smog" settles over the city. It is during these periods 
that the incidence of "Yokohama Asthma" reaches a peak. 
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Four problems have been and are still under study. These are: 
(1) Determination of air contaminants. 
(2) Quantities of the contaminants to be found. 
(3) The effect of weather. 


(4) Correlation of air pollution, weather, and incidence of "Yokohama 
Asthma", 


An air-sampling station was established in a laboratory truck behind the Yokohama 
Army Hospital. Due to limited personnel available for the study, air-sampling could 
be conducted only from 1900 to 2,00 daily. This sampling time had two advantages. 

It allowed normal duty hours for scarce personnel and it was thought the sampling 
time would cover a pericd which would give an indication of the air pollution through- 
out the day. 


The iodine method as outlined by Jacobs (21) was found to be best for detection 
of small quantities of sulfur dioxide in the air, 


The procedure used for the determination of oxides of nitrogen is the method 
also detailed by Jacobs (21), The absorbing solution consists of 35 ml of 5% KOH 
solution and 5 ml of 3% Ho02 solution. After sampling a known amount of air the 
solution is analyzed for total nitrate by the phenoldisulfonic acid method. 


’ 


The method of analysis for ozone utilizes the oxidizing property of ozone on a 
2N solution of KI. The free iodine liberated is titrated with standard sodium thio- 
sulfate. This method (22) is specific only in the absence of certain other oxidizing 
agents which may be eliminated by passing the air to be analyzed through a strong po- 
tassium permanganate solution and then a chromic aie solution. 


The amount of dust in the air is estimated by a dust index which ranges from 0 to 
5. A known volume of air (6.6m ) is drawn through two sheets of ether-washed No. 1 
Whatman 110 mm filter paper in 23 hours. The shade of grey-black developing due to 
impinged dust varticles is compared with a standard grey-black color chart prepared 
with activated charcoal. This method has given highly satisfactory results in eval- 
uation of the amount of dust varticles in the air. The amount of ether-soluble aero- 
sols in the air was determined from the same filter paper used to trap the dust. The 
two sheets were cut into small squares and extracted for 15 to 20 minutes with 25 ml 
of vacuum distilled absolute ether. The ether was then filtered into a carefully 
weighed 50 ml beaker, evaporated under vacuum to constant weight, and the weight of 
the residue determined. This weight represents the amount of ether-soluble aerosol 
in the air and is a complex mixture of organic acids, ketones, unsaturated hydrocar- 
bons, peroxidic organic compounds and others as yet not fully defined (23), 


Rain and wind, unless winds are weak and alternating, are of aid in cleaning 
the air of contaminants. Important phenomena of weather also contributing to air 
pollution are temperature inversions. These conditions are produced when the earth 
and the air next to the ground surface become cooler than the atmosphere above and 
the thermal gradient becomes inverted. The atmosphere becomes very stable Wine 
little or no turbulence and virtually no dilution of industrial effluents (2h 
Air pollutants are literally trapped next to the ground by a lid of warm air. “the 
effectiveness of a temperature inversion in vroducing "smog" denends upon the al- 
titude of the lower surface of the warm air, the duration of the inversion, and the 
presence of air contaminants. 


Weather data, including wind direction and velocity, precipitation, and temver- 
ature inversion data, for Yokohama and area were furnished by the 213d Air Weather 
Wing, USAF. Unfortunately, the data for temperature inversions were collected only 
twice daily, and then at Haneda Air Station some six miles from Yokohama. Fortun- 
ately, the presence of strong low level temoerature inversions in Yokohama (5ey74 be 
noted by visual observation of the behavior of smoke emitting from stacks ( 
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That weather is definitely a factor of imbortarie in a study of asthma has been 
shown by many other investigations (18, 19, 23, 25, 26, 27, 28). Prolonged periods 
of little or no rain and gentle winds produce ideal conditions for "smog" develop- 
ment. High hills and mountains exhibit a confining effect during periods when tem- 
perature inversions are found at low altitudes. Contaminated air does not escape and 
the volume of air beneath the inversion is insufficient to dilute the vollutants. 
Many substances thereby reach objectionable intensities. 


"Yokohama Asthma" and Air Pollution - Since the study of air pollution is 
not yet complete, final results are not available, Certain indications point to air 
pollution as a major factor in "Yokohama Asthma", With the qualification that data is 
incomplete the following information is presented concerning the average amounts of 
contaminants found on days of "smog" formation and on days when little or no "smog" 
was present: 


Contaminant "Smog" -Free Days Days of "Smog" Formation 


Ether-Soluble Aerosols 0.011 mg/m? 0.081 mg/m? 

Dust Index 1.0 3.8 

Sulfur Dioxide 0.075 micrograms/Liter 0.17 micrograms /Liter 
Ozone 0.081 micrograms/Liter 0.17 micrograms/Liter 
Nitrogen Oxides 0.26 micrograms/Liter 0.50 micrograms /Liter 


The average number of cases of asthma computed for days when air-sampling was pos- 
sible was 2.l for "smog"-free days, and 11. for days of "smog" formation. 


Of the above-listed air contaminants, the ether-soluble aerosols and dust show 
the closest correlation with incidence rates. (See Figure 1) With the exception of 
the 29th and 30th of November, 1952 the correlation appears to be excellent. That 
these days do not show correlation may be due to many factors, several of which are 
discussed. 


It was noted that on four occasions the "smog" persisted for two or more days. 
During these periods the asthma incidence increased markedly as shown below: 


Period Average Daily Ine idence 
15-16 November 19 Cases 
29-30 November 15 Cases 
5-6-7 December 13 Cases 
12-13-1)-15 December 13 Cases 


In each period the average number of daily cases was higher than the general average 
(11.4) computed for all the days of "smog" formation. At the time of this revort weather 
data were available up to 30 November 1952. On the basis of these data, the following 
comparison of incidence and weather conditions has been vrepared for this period. 


"Smog" -Free Days Days of "Smog" Formation 


Average Wind Velocity 12 m.p.h. 8.3 m.peh. 
Average Rainfall 0.21 inches 0.03 inches 
Average Number of Cases* 2.3 patients 12.2 patients 


Certain inconsistencies have manifested themselves and further studies are consid- 
ered necessary to establish the relationship between asthma incidence, temperature in- 
version data, air contaminants, and other weather factors. It has been noted, however, 
that there is apparent correlation between high incidence of asthma, high concentrations 
of air contaminants, and "smogt formation. The formation of "smog" generally conforms 
to weather conditions of low wind velocities, little or no rain, and low-level temoer- 
ature inversions. 


Certain problems have arisen in this study. They are concerned vrimarily with 
case incidence and personnel shortages. 
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Figure 1. "Yokohama Asthma", November-December 1952. Comparison of 
Daily Case Incidence with Assays for Dust 
and Ether Soluble Aerosols 


The gathering and interpretation of incidence rates leave much to be desired. 
Only those patients who report to Yokohama Army Hospital are considered in incidence 
rate and only those who complain of severe respiratory distress are listed as asthma 
cases. There are undoubtedly many patients reporting with minor symptoms which may 
be diagnosed as bronchitis, rhinitis, sinusitis, or some other respiratory disease. 
Many patients having once reported for treatment and finding little can be done for 
them do not report for treatment when again troubled by mild symptoms, The vroblem 
of incidence data is further complicated by personnel shortages. The required number 
of workers is not available for interview and study of each individual case. These 
limitations are reflected by incomplete incidence data. 


Personnel limitations required air sampling to be made only from 1900 to 21,00 
hours daily. Therefore, the evaluation of air pollution is of necessity incomplete 
and the true picture of exposure is not available. Rain or strong winds often appar- 
ently cleared the air before the sampling period began. The results were low or 
negative for air contaminants when such may not have been the condition during most 
of the day. 


The topography of Yokohama consists of undulating terrain and the locations from 
which the asthma patients come are frequently widely senarated. With sufficient per- 
sonnel and equipment it would be desirable to operate more sampling stations. The 
elimination of these inadequacies would undoubtedly result in more clearly defined 
results, 


WATER ANALYSIS: The Water Analysis Section received 11h specimens during the year. 
Of these, 106 were examined for potability, 6 for use in bacteriological media, and 
2 for purity (distilled water). 

Methods of analysis used were those standard methods approved by the American 
Public Health Association (29), 


Table XVI. Water Analysis Determinations 


Determination No. Determination No. 
ACIdity cecccccccccccvcccsesces 2 MANganeSe cocceccecccrscccecrce 10h 
Alkalinity, Methyl Orange ..... 105 Nitrogen, Ammonium .eesessse0 105 
Alkalinity, Phenolphthalein ... 105 Nitrogen, Nitrate ccsecccccce lO 
Aluminum cecccccccccccccccccoes nN Nitrogen, Nitrite seccccccere 10h 
Ammonia @eeereceeseeoseeeeoeeeeoees oe 1 Odor @eeeeeeeeeoeoe eevee eos e288 27 
Rieu! Gere erere rey ys. Tee eerie 106 Oxidizing Substances eeccoces 6 
Carbon Dioxide eeeeeeevneoeosveee2 e808 8 pH @eeeeoeeoeseeev es ese eeesesee eee 113 
CULOPAUOE “Soci sebetscetancseces . 102 Residue, Dissolved .ccccccoes 107 
Chlorine cesccecccccccccccccccs 10 Residue, Fixed cecccccoescccse LOT 
GOGH? csc See6 a oes cba eases scscse 107 Residue, Suspended eersecsecee 107 
FPLMWOFING  scee is ceveocsvessvecocos 5 Residue, Total eceecccescceos 198 
Hardness, Total (Fe, Ca, Mg) oe 98 Silica COSSoeeeresresrereseeorsee 106 
Heavy Metals cececceccccececccs 8 SOGIUMM: 6460404 6.085S 00s eebeabe 2 
TEOR Sescdcsvccecccdetssessvene 14 Sulfates cccoccccsccccccevcce 105 
Tron and Aluminum @eeeoeoeve @eeeeoced 10); Taste @eeeeceeeeeoeoveveeee ees ee 2 
Lead ee Pee eee ere eee og h Turbidity WreTyTrr cri te et 
Magnes ium COerceecrceeseeseeosese 104 Total Belt 


In May a problem associated with the possible contamination of river water by 
sewerage effluent from a military camp near Sapporo, Japan was presented. Inasmch 
as shipment of water samples for dissolved oxygen determination is Se a 
technician and the necessary equipment and reagents for the Winkler Method (30) for 
dissolved oxygen were sent to Sapporo Army Hospital in order to establish the proced- 
ure there. The continuation of the vroject was carried out by the personnel of the 
laboratory at that unit. 
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In June a total of 23 samples of water alledgedly contaminated with gasoline and/or 
kerosene from base operations arrived from Johnson Air Base. Eight of these specimens 
were well water which were being consumed by the local Japanese population surrounding 
that area. 


This laboratory was able to successfully establish gasoline in only 1 of these an- 


alyses. The remaining 7 samples contained the odor of a hydrocarbon resembling gasoline. 


This hydrocarbon, however, was not identified since it was present in such small quan- 
tities that it could not be separated from the mother liquor (water) either chemically 
er physically. 


Fifteen samples consisting of 100 ml collections from kitchen sink drainings were 
also received from the same immediate area. The odor of hydrocarbon resembling ker- 
osene was detected in these. However, as in the previous cases, because of an insuf- 
ficient sample and the minute amount of hydrocarbon present, a positive identification 
was not possible, 


The hydrocarbon which was identified had the following characteristics: 


(1) Hydrocarbon (mixture) ecccccccecccccccee § Gasoline 

(2) Specific gravity at 15.5°C. ecevececevecoe 0.7365 

(3) Unsaturated hydrocarbons ....ececcceeee Positive 

(4) Burning CLOSE coccccccccccccccccccccccos Burned with a smoky flame 
(5) Odor cocvccccccccccccscccecescccccccccee | Positive gasoline smell 
(6) Boiling TANZS cecccceecececccseeecceese 45°C to 160°C. 
(7) Color (upon distillation) eccccccccceee Colorless 


Investigation has been continued on the use and practicability of ion-exchange 
resins as a source of chemically pure water for medical laboratory use in the Far East. 
Two four-bed deionizers have been installed in the Virus and Rickettsial, and Bacter- 
iology Departments of this laboratory and several are now in use, both in Korea and 
Japan, with good success. This department has recently installed a new and larger 
type mono-bed deionizer which, although investigations as to the purity of water ob- 
tained by its use are not yet complete, appears to be even more efficient than pre- 
vious types investigated (32), Effluent water has been found to meet the requirements 
for distilled water as outlined in "U.S.P.", XIII (33) and the ease of operation of 
these wmits has been found a major factor in their desirability. 


MISCELLANEOUS ANALYSES: The mission of Miscellaneous Analyses Section is to 
comply with legitimate requests which are not easily accommodated within the various 
other sub-sections of the Department. Requests are received from most branches of 
the military service in the Far East Command and cover a wide variety of procedures 
and analyses. (See Tables XV and XVI). 


The wide variety of requests presented to the Miscellaneous Analyses Section has 
necessitated extensive use of the technical literature which has included a number of 
standard textbooks, journals, and periodicals, and a variety of supplemental books 
for special information regarding identification and uses of various samples sub- 
mitted. Qualitative and quantitative analysis of both organic and inorganic substances 
has been required in many cases and the peculiar problems associated with each has re- 
quired some screening of projects to assign priority to those which are the most urgent. 
For the identification. of unknown--especially the organic compounds-- some history 
regarding the reason for the request is essential to handle these samples economically 
and not unnecessarily burden the highly trained personnel who must do this type of 
work. Samples submitted with the request "For Analysis" or "Identify" or some sim- 
ilar phrase with no justification for analysis and sometimes without the signature of 
the requesting officer require additional correspondence before any attemot can be 
made for analysis. In addition to the samples for qualitative analysis, this section 
also receives a variety of samples for determination of USP quality requirements of 
drugs and pharmaceuticals, anesthesia oxygen, insecticides, water purification tablets, 
medical equipment, laundry soap, and other samples, each of which may require the 
establishment of a new vrocedure and procurement of special equipment. 
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Table XV. Miscellaneous Specimens Received 


Sample 


AlCONO] cccccccccccccccccccccee 
Alcoholic Beverages eeeceocececee 
Aluminum Hydroxide ceccccccccce 
Atabrine @@esveeeoeeeeo eee een ee eeee 
APC Tablets ccccccccccccscceses 
Belladonna Tincture ececcccceccce 
Benzene Hexachloride cecccocece 
Beverages, Soft wssvccccccesece 
Calcium Hypochlorite eeeccesceser 
Clothing @eeeaeoeneeeee Coes eeeeee@ 
Cresol piss Sistate bib ok eee elec aiewae ee 
Emetine Hydrochloride ceccceese 
Emulsifying Agent cecccccccccce 
Epinephrine Solution cecccceccce 
Fire-proofing Solution ccccccce 
Formalin Solution cecccccccccce 
Frostbite Solution ccccccccccece 
Fungicide-treated Rice Bags .-. 
Gasoline cecccceccccescececscoece 
GLUCOSE ccocccccccccccceccccccs 
Hair Dye Cocco ceeecreseeseee oe 
Herbs @eeoeoeroaeceeseeoseeeeeeeoeeeeoee 
Hydrogen Peroxide eeccecccsccce 
Halazone @eeeeseeeeooeeooeeeeoesd 
Iodine Water Purification 
Tablets ceccccccccccce 
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Table XVI. Determinations 


Qualitative 


Acetaldehyde cecercscccccccccccs 
ACeCONE cocdccccrcccvcccccecoce 
Acetylsalicylic ACIid cocccccecce 
Acids @@eseeeoeeoeeooeo eeoeeeeoeeeeeed 
Acrolein ccccccccescccccocscece 
Alcohol, Ethyl Coeeccesecceeseece 
Alcohol, Methyl Ceoveceoscvceceoe 
Aldehydes @eeereerzreoeeeeeoeaeeoeeeee 
RIVGLIOS  ncaviscacacberndsacere 
Alkaloids @eeeeoaooeneoeaooeoeeeoee O82 4G 
Alkyl Sulfides ccccccccccccccece 
Aluminum ccccccccccscccccccocce 
Aluminum Hydroxide eococceceooe 
Aluminum Silicate ceccccccsccee 
Arsphenamine, Sodium ceeccevcee 
ATPSOENiC coccccccccccccceccosccce 
Artificial Coloring cccccccccce 
Atropine COeeeeoeeeseeesereseeee® 
Aureomycin Cceereccecceoseseeres 
Barbiturates @eeeeeeeceosveeeoe ee ee 
Barium @eeceeeeeeeeeeeseeeeeeeeee 
Benzene Hexachloride ccecccccecce 
Benzoates cecccceccccececsececs 
Benzoic ACIid ccoccccccccccceccce 
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Sample 


Meperidine FC cocccccccccses 
Moth Balls ceccesccccccccccce 
Neo-Arsemin oecccccccccccsece 
Opium eeseeeoeoe eee eeceeoeeeoeoeeee@ 
Paint @eeeeeeeeoeeeee eee eeeeoee 
pH Comparison Kit weccccceccee 
Pipettes COeceerocecorsesereees® 
ProCaine ccccosccccesescceseos 
Procaine Penicillate cecccece 
Quinine Sulfate ..ccccccccces 
Quinacrine HCL sccce coteus ded 
Soap, Laundry eeoececoceoeeeeeses 
Sodium Hypochlorite eeoeccorre 
Stopcock, 3-way @eeeeeoooeeoee@ 
Sparkling Water ceocccccccccce 
Streptomycin eoecccorccecessee 
Sulfobromophthalein ceccccces 
Typhoid Vaccine coccccccecces 
Tooth Paste cecccccccccccseces 
UnknOWNS cecccocccccccccccece 
Urine cocsvocdieccec cd oecsecees 


Water @eeeseeecee eeeeeeeeeooess 


Total 


Qualitative 


Borax @eeeeceseeceeooeeseeeee see 
Boric ACIid cecccccccccccccces 
Bromural cecccsccccscvcccseces 
Cadmium ceccocccocscccccccccece 
Calcium @eeeeeneeeeeeeoeseee eee 
Caffeine @eeeeeveeoeces eve eee eees 
Carbon: Dioxide sssecsstcssececs 
Carbohydrates eeccecrcovceees® 
Carbon Monoxide ceccccccccces 
Carbonizable Matter cecccerce 
Chlorides ccccccccccccccscccs 
Chlorine ceccecccccccccccscce 
Chloral Hydrate eeceerecescceoe 
COdEINE cecccvccccccevecccece 
Copper Ceeecrecescosceeseeeoee 
Cyanide @eeeeeneasceoea oe eoeoeee1ee e268 
DDT ccvcccccccccccsccecocccce 
Dibutyl Phthalate ceccccccscce 
5, 5 Diphenylhyndantoin .ecece 
Epinephrine secccccccccccecce 
Ethyl Salicylate ceccccccccce 
Formaldehyde eeececceseccccoe 
Fusel O11 cccccccccccccccccce 
GLUCOSE cocccccccccssccesecece 
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Table XVI. 
Qualitative 


Glycerine COPeeeesoeeseeereerses 
Halazone eeeeeeeoeeeeeeeeeoeeoee 268 
Halogenated Compounds Coecececccse 
Halogens @eeeseaeeeveeeoe Gee eseeeo eed 
Heavy Metals @eeeeeovoeveovoeeeneoeeo 0208 
Heroin eeeeeeeeoeoeoeoeoo eee eeeeeoeeoo& 
Hippurates COSC COTS eo eOoOLe ET OE® 
Hydrocarbons cccccccccccccccccce 
Hydrogen Peroxide Cooecersceoeccerses 
Hyoscyamine CCOCC ESOS OSE CER ELE S®e 
Inorganic Salts cccccccccccccccs 
TE ce ceereneSan bees de COCR 
Tron Oxide ecsscoccvcccccccccecce 
KetoneS ceoccccccccccecscccccccces 
LACTOSE coccccccccccccvcccccoccs 
LOGO coe cedecccre scccetsvessccds 
MAgNeSLUM coccccsccccrecccccccce 
3 Methyl, 5,5 Ethyl Hyndantoin . 
Mercurochrome eeeeeccccccccccces 
Mercury COOCHS OLEH LOSE OE SOO LESEO® 
Methyl Salicylate @eeeeoeoeeoen es ee 
Meperidine COCCH EEE ECO CEEOL EOEO®E 
Merthiolate POOR OEEO SSE OOOO ESOS 
Methamphetamine .ocececccccsccce 
MoGHANOL] sicccccivccccvcsvcoccese 
Monochloracetic ACid cecccescoee 
Morphine CHOOSE TESTE OSLO S SOLO REO OE 
Naphthalene ...cccccccccccccccce 
Nitrogen COC EE SEO SESE SEL ECLEC® 
p-Nitrophenol COSCO COCO e SELES OLE® 
Nupe rcaine Ccereonescosecvevsesere? 
Organic Impurities Cceercecesercs 
Oxidizing Substances ..cccccccce 
Phenacetin eeeooevooveeoeoeovevee2 0000808 
Phenols @ecoeseeeese ee eeeeooeee e080 
Procaine Hydrochloride ceccccoce 
Quinacr ine COCSCC COOOL OTE OEE OCEOO®E 
Quinidine cecccccscccccccsrescocs 
’ Quinine Hydrochloride ...csoese56 
Reducing Sugars Cover erseseereoese 
Salicylanilide ©F2920002802990080 
Salicylic Acid cecsccvccccccccns 
Scopolia @eesveeeaee eee eee ees eens 
Silicate e@eseresoeveseeeoneeoonseone@ 
SOAP covcccccccesccscssessccsece 
Sodium e@eeeeeoroeveoeseeeesnev7e08080 
Sodium Bicarbonate sesceseeserces 
Sodium Carbonate cesesceccveseee 
Starch @eeeeseseveseeeeveeodeeo2e080 
SUCTOSE cosevneerccssesceseseseve 
Sulfobromophthalein cesssesrsrese 
Sulfadiagine seccecsveccoscsccce 
Sulfaguanidine SCOPES COOL Oreo SEe 
Sulfasoxazole secccccvsscccscece 
Sulfate: cecvccccscsevecrvtevcecscsces 
Sulfathiazole ceccovccrscecscccce 
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Determinations Completed by Miscellaneous Analyses 


Qualitative 


Sulfides secccvcccccvcrescceces 
Sulfites cecccscdccessoccoevtves 
Sulfonamides crccsccccccsccces 
Sulfur ccccsccsevccscovsvasesses 
Systematic Qualitative Analy- 

SIS covcccereesvcevece 
Undecylinic ACId coccccccccces 
Vegetable OLl ccccccvccvcccese 
Volatile Matter .ccedestsecios 


Zine COCCHCCHO SE OE HOSE THO OOOH O® 


Total 
Quantitative 


Acidity COKP OSES EERO RE O®> OLED OO 
Acid, FrE@ cocvcccvccccccccece 
ACId Value ccococcccccccccvccese 
Alcohol, Ethyl COLTER OL OLOTEC® 
Alcohol, Methyl Cooerresess eee 
Aldehydes CRETE OEE E DO COE DEOEO 
Alkali, Ly ees ea ere | er ee 
Aluminum Hydroxide eerer,eresee 
APSENIC ceccccrevccccsccccceee 
Atabrine ceeccccscccssvesccoses 
Belladonna ASSAY covvcccesseee 
Chloride secsescccscccccsceses 
Chlorine seccococctecssscsccves 
Cresol ASSAY covcescccccscecce 
Dextrin cecccccccvscesccccsses 
Dibutyl Phthalate cecsvsescece 
Distillation, Fractional ees. 
Emetine Hydrochloride cecssese 
Raters sites bbs cccviversuwsses 
Ethylene Glycol cecseescccccce 
Fluorides @eereteevvneeeveeeeadee 8@ 
Formaldehyde COLO C EE EEO OO SEDGE 
Glucose @eveseovoeveeceeseesesess 
Hydrogen Peroxide sss .eccseesse 
Todine @eeeseoseeeeeeeseoee2e868 
Todine Value cecccccccccccvece 
Tron Oxide @eeeeoseseveoeneeo2e0288 
Loss on Drying cesssccccercccs 
Matter Insoluble in Alcohol .. 
Matter Volatile at 105°C, esee 
Meper idine COCR C LE OH SLC OCOE DOORS 
Morph ine COCCOR DO D2COL O9OSC2O8 
Non-volatile Residue .erccccee 
Opium ASSAY cocossveccccsccece 

en @eeeeeeoeoeooeezr eee eee 28888 
p-Nitrophenol COd. Ce eeeoeOLOECe 
Phenol cecsscrccccecvesesevecs 
Procaine ASSAY ccccccscccsccce 
Quinacrine .icssscoseonrcccecve 
Quinine sesesccccsccvesvcsccsccce 
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Table XVI. 


Determinations Completed by Miscellaneous Analyses Cont. 


Quantitative Noe Physical Constants Noe 

Residue on Ignition .ecccceccece h Solubility in Water .ecccccees 12 

ROSIN cocscceccccesccocccccccooes 1l Specific Gravity eeecrscoecesece 5 

Soap, Anhydrous secccccccccesecce 1l TASte ccccccccccccccccccsecece 5 
Sulfobromophthalein .ececceccees 5 
Soluble Starch Ceoeoerseeeseeseceos k 

SUCPOSE o ssoWivecdccrevesecvceee 3 Total 98 
Sulfate @e@eeesce oe C@eeee eee eee eeee h 
Sulfadiazine COC eeoeesresecercesece 5 

Miscellaneous No. 

Total 1435 Chemical Extractions ..ccccece 8 

Chromatographic Analysis eeree 7 

Emulsifying POWEr cecccccccsee 10 

Physical Constants No. FiGh TORMCILY hse seuss vows 6 

Microscopic Examination of 

Boiling POINt cocccccccccccccccs 2 Crystals ecececceccoocee 6 

COL 405 sb bbe beh bce deee kesee ss h Mouse Toxicity TeetOices4cesste 

Melting Point @eeeeoeeeoea Oeceeee ees 25 Pipette Calibration eeceooa eeoee 7 

OOO S- sn tas oeeseeaewes Kdaaedws 5 Pressure Check, 3-way Stopcock 36 

Reaction, pH ecccccccccecevsecce 2¢ Preparation Organic Deriv- 

Refractive Index ..cccecrccoccccce 3 atives ccccecdésetsses 1 

Solubility in Alcohol ....ccecee 12 Spectrographic Analysis .ecce. 1 

Synthesis, Salicylanilide wee. 1 

Taxonomic Identification we... 13 

Total 216 

Total Miscellaneous Analyses 2703 


Drugs and pharmaceuticals are checked fully for USP (34) ana usp (35) re- 
quirements as are also anesthesia oxygen and other substances which will be used 


by the Medical Department. Alcoholic 3 63 ma and refreshment items are checked 
against the requirements of "A.0.A.C." (36), 


: In those cases where toxicity may be a question, the use of oral (ad libitum) 
feeding and intraperitoneal injection of laboratory animals has been a useful and 
valuable procedure. 


A total of 63 unknowns were examined during the year. Sixty of these were 
positively identified and in the remaining cases the requirements of the request 
could be satisfactorily complied with. Samples of suspected narcotics when iden- 
tified included the following: Borax, DDT powder, calcium hypochlorite ampules, 
barbiturates, heroin, opium, scouring powder, mercuric sulfide, procaine, sodium 
bicarbonate, starch, mephesin, APC tablets, and codeine. In addition, the follow- 
ing unknowns were identified: Quinine, sodium hypochlorite, nupercaine, quinidine, 
codeine, sulfadiazine, dilantin sodium, methyl testosterone, component parts of a 
captured enemy medical kit, cement residue in Coca-Cola bottle, and methamphetamine. 


Quality control tests were run on anesthesia oxygen, clothing impregnant, 
laundry soap, alcoholic beverages, and water purification tablets cf both halazone 
and iodine types. 


Pharmaceutical assays were required on several products, including the Frost- 
bite Treatment Solution described in 1951 (37), hydrogen peroxide, sulfebromoph- 
thalein, typhoid vaccine, procaine hydrochloride, emetine, belladonna extract, and 
others. 


INVESTIGATIONS: HEMORRHAGIC FEVER: This laboratory has furnished equipment, per- 
sonnel, and services in cooperation with the laboratory at the Hemorrhagic Fever Treatment 
Center in Korea in order to supplement the clinical investigations of the physicians 
studying the physiology of hemorrhagic fever. Inasmuch as the laboratory in Korea was 
operating most of the past years in tents it was found expedient to establish a regular 
system for air courier service for specimens from Korea. The same courier system was 
used for +he sending of equipment. and stock reagents to Korea. Four specimen contain- 
ers of approximate suitcase size were constructed to accommodate a test tube rack, 250 ml 
specimen bottles, and a dry ice’refrigeration commartment. This case was found satis- 
factory for transfer of urine specimens, plasma samples, and reagents between the two 
laboratories and, since it could be hand carried by the courier, breakage of samples was 
practically eliminated. Stock reagents made by the clinical chemistry section of the 
406th Medical General Laboratory were furnished routinely for most of the procedures 
which required precise weighing of standards. Assistance was furnished in investigation 
of the following: 


Cortins and 17-Ketosteroids - Cortins (formaldehydogenic substances) were de- 
termined by the method previously described in this report (25 and the 17-ketosteroids 
total was determined after the method of Holtorff and Koch (38), Determination of the 
cortins generally showed an elevated value which increased through the febrile and oli- 
guric phases to reach a maximum at the second to fifth day of diuresis. This value was 
most commonly twice normal but on occasion an eight to tenfold increase over normal 

was noted. These values rapidly returned to normal, and remained normal, in convales- 
cence. The 17-ketosteroids opposed the cortins increase. Determinations showed a low 
total of 17-ketosteroids (2-6 milligrams per 2) hours) in the febrile and anuric phase 
and a return to normal at about the same time shown by the cortins. With the 17-ketoster- 
oids there were occasional erratic increases to 0-50 milligrams per 2) hours during the 
convalescent period. Samples of two consecutive 2h-hour collections of urine taken im- 
mediately prior to the discharge of the patient from the hospital showed that both the 
cortins and 17-ketosteroids were in the normal range at that time. Butanol extracts of 

ur ine 5 tae have been prepared according to a method suggested by Reddy, Jenkins, and 
Thorn (39) and are stored vending arrival of suitable standards which will allow fraction- 
ation of the 17-ketosteroids into the alpha and beta components. The correlation of these 
laboratory data with the clinical conditions of the patient and eosinophile counts is 
being done by the prcefessional staff of the Hemorrhagic Fever Treatment Center in Korea. 


Potassium and Sodium - Serum potassium and sodium were found to be normal in 
the early stages of hemorrhagic fever and both showed a tendency to increase during oli- 
guria and even in early diuresis. Urine potassium concentration and excretion was com- 
mensurate with blood levels and urine outputs, but the urinary concentration of sodium 
was low (3-25 mEq per liter) in early diuresis. This was found to increase approximately 
five or six days following inereased urine output. Total 2h hour urine sodium in some 
oe voiding as much as six to eight liters of urine was in the vicinity of 120-130 
mEq liter. 


Chloride - Serum chloride values paralleled the sodium changes in most cases 
and the same could be said for the urine concentrations and total 2l-hour elimination. 


Carbon Dioxide and Blood pH - The carbon dioxide combining power and blood pH 
were found to be essentially normal in all stages of the disease. Even in some very 
seriously ill patients the blood pH was found to be in the range of pH 7.38 to 7.52. 

Calcium - Serum calcium was in the range of 3.) to 4.6 mEq per liter in most 
patients during the febrile, anuric, and early diuretic phases, These values tended to 
increase to approximately 5 to 5.5 mEq/liter in the recovery phase. Urine calcium con- 


centrations were in the range of 0.5 to 1.0 mEq per liter during oliguria but increased 
to 1.0 to 1.5 mEq in diuresis and remiined so during convalescence, 


aT Inorganic - Serum inorganic phosphate was either normal or slightly 
elevated in the milder cases, but in the patients with urine outputs less than 500 ml 
per 2l, hours the serum phosphate increased to as much as 12 mEq ver liter in some 
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cases. This value dropped abruptly when urine flow was restored and was generally 
less than 5 mEq per liter within 3 te k days following diuresis. 


Histamine Studies of EHF - The use of certain antihistaminics in the treat- 
ment of hemorrhagic fever was suggested and this laboratory attempted to establish a 
Suitable chemical or biological sige for determination of histamine in blood 

39) for chemical assay was investigated and discarded 

for various reasons. Improperly purified reagents, unfavorable recovery studies, and 
other technical difficulties with the chemical method prcmpted the use of biologic 
assay after the method of Code (40), the use of the kymcgraph and guinea pig ileum 
proved the more satisfactory, but with the facilities of this laboratory no method 
was fcund to be entirely satisfactory for histamine. Results of the examination of 
plasma samples, quick frozen in Korea and shipped in dry ice to Japan for assay failed 
to indicate any increase in histamine content of the plasma in any of the 27 patients 
examined. , 


Electrophoretic Studies - In July an American Instrument Company Electrophor- 
esis unit was procured from the Atomic Bomb Casualty Commission in Hiroshima. Air con- 
ditioning was installed in one small room of the laboratory and the unit placed in 
operation the latter part of August. To date, over 120 specimens of vlasma and serum 
have been analyzed on the instrument. Results gained on normal specimens commare favor- 
ably with those reported in the literature, indicating proper operation of the instru- 
ment. 


Presently the instrument is devoted to full time operation on specimens received 
from Korea in connection with the investigation of hemorrhagic fever. One cf the early 
difficulties encountered was the receipt of imoroperly refrigerated specimens which 
contained considerable bacterial growth. Another problem was the high lipid content 
of some specimens which resulted in a falsely high beta globulin fraction. The refrig- 
eration problem has been solved by use of the shipping boxes vreviously described and 
a high speed centrifuge has been found satisfactory for removal of lipids and clarifi- 
cation of serum or plasma without the loss of protein-bound lipids which are present 
in true solution. Only the results gained with the improved technic are reported. 
Plasma for electrophoretic studies was collected on patients daily, with occasional 
skipping, from admission to or 5 days after diuresis. The plasma was separated immed- 
iately, quick frozen in dry ice, and shipped in dry ice to this laboratory. All sam- 
ples were kept in the "deep freeze" until thawed at room temperature for analysis. Con- 
trol sampiiss on healthy persons handled in the same manner were collected and submitted. 
Scudder (41) reports that plasma may be stored in the frozen state (-20°C) and thawed at 
37°C without alteration of the electrophoretic pattern. Fasting plasma specimens are 
subjected to high speed centrifugation and the clear plasma is diluted ):10 with barbit- 
urate buffer at pH 8.6 and an ionic strength of 0.2. This is nlaced in a bag of Visking 
tubing and dialyzed against a wari of the same buffer with mechanical stirring in a 
specially constructed dialyzer h2) at about 4°C for 16 hours, The standard clinical 
cell was used in each experiment. The electrophoresis diagrams were recorded on photo- 
graphic plates and the plates evaluated in the usual manner by enlargement through pro- 
jection, tracing by hand and planimetry. The relative concentration of each component 
was computed from the size of its area as compared to the total area under the curve. 
Calculations were made on the ascending boundaries in all cases, Normal plasma was 


_ interposed at regular intervals to check operation of the machine. 


Results of examination of 6 mild to moderate cases of hemorrhagic fever are re- 
ported in Teble XVII. Selection of patients was done on admission to the hosvital as 
confirmed cases and evaluation of severity was necessary in retrosvect. No severe 
cases are included in this series since none of the vatients selected fell into that 
category. Concentration of the protein fractions are shown in erams ver 100 ml of 
plasma and as the ratio "r" of the component area to total area of the electrophoretic 
diagram. Table XVII gives the average figure for the total number of days specimens 


were collected. 


The mean of total samples examined in each case shows a consistently low albu- 
min/globulin ratio and an elevated alpha globulin fraction. The fibrinogen, beta 
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Table XVII. Mean Electrcphoretic Fractions of Sera of Hemorrhagic Fever Patients 
Alpha 1 


Albumin Globulin Globulin Globulin Fibrinogen Globulin A/G 
Gm Gm Gm Gm Gm Gm 


Alpha 2 


Beta 


Gamma 


per per per per per ver 

No. r 100 r 100 r 100 r 100 r 100 r 100 

Case Spec. ml ml ml ml ml m1 
A i) Oaliel 3410 0.067 . 0.65 0.12h:.0,93 0.120, 6.91.. 0.072..0.52., 0.173: 1.90,, 0.78 
B 19 0.398 2.8, 0.090 0.6h 0.122 0.90 0.136 0.97 0.077 0.55 0.187 1.35 0.67 
C 10 ~ 0.427 3.00° 0.079 ° 0.56 0.116 0.82 0.143 1.00 0.08 0.59 0.151 1.07 0.7h 
D iS<>> 0.557 3.31" 0.086 (0.63 0.101 0.770.125 “0.86 0.069 1,25° 0.171. “0.81 “0.85 
E 12 0.420 3.12 0.092 0.68 0.133 0.98 0.126 0.93 0.072 0.53 0.156 1.15 0.7h 
F 10. 0.492 3.67 0.086 0.64 0.125 0.93 0.118 0,88 0.055 0.1 0,12) 9.93 9.98 
Norm... 25- *:0.603. k.Ok° 0.046 0.31 93072 0.46: :0:121 :0.81 0,051 0.3h 0.110 0.7) 1,53 


globulin, and gamma globulin fractions do not show any marked response and their resnective 
increase was found to aoproximate the percentage drop in the albumin. None of the individ- 
ual samples examined were found to show the marked increase expected in antigen-antibody 
response for gama globulin and the increase in the alpha globulin commonents is thought 

to be due to the tissue destruction and fever which occur early in this disease. Stern and 
Reiner (43) report that diseases accompanied by tissue destruction and faver show signif- 
icant rises in the alpha globulin component, 


Individual specimens examined on each patient showed a vrogressive decrease in the 
albumin component in all cases until a minimum was reached between the ninth and fifteenth 
day of the disease, at which time the albumin fraction was noted to increase slowly. Sel- 
ected days to show this trend are outlined in Table XVIIT. It will be noted that in all 
cases the A/G ratio was decreased for the entire range of examinations, Dole and Bram (Lh) 
report their mean for albumin-globulin ratio determined electrovhoretically to be near 
1.5 for normal natients. This is apvroximtely 30% lower than values obtained by chemical 
fractionation of the same plasma samoles. 


It is not known at what time the decreased A/G ratio occurs or when it returns to 
normal, but an attempt is being made to study some of the convalescent patients to estab- 
lish this. 


Stuy of Bank Blood Available in Korea - This study was undertaken in August, 
September, and October » in order to obtain additional data concerning the proverties 
of the stored whole blood available for transfusion in the combat zone. Since most of 
the blood is shipped from the United States the most extensive effort was directed toward 
studying blood from that source. Comparable studies are reported from the ):06th Medical 
General Laboratory and from the Surgical Research Team in Korea, Jt is expected that the 
same data will de available from similar work in the United States, These data are sun- 
plemented by an additional series similarly describing blood obtained in Japan. 


In the study of ZI blood an effort was made to analyze samples of 10 bloods on 
alternate days after drawing. Such an extensive group was expected to provide a statis- 
tical background for the other studies undertaken. Because of the less flexible supoly 
of blood in Korea, varying numbers of samples were taken, as indicated in Table XIX. 


When this study was near comoletion it was learned that vreservative solutions of 
different. composition were used at different times. It was impossible to determine the 


- 115 - 


Table XVIII. 


Variation of Plasma Protein Fractions During Hemorrhagic Fever 


Day of Total Fibrin- A/G 
Patient Illness Protein Albumin Alpha 1l Alpha 2. Beta Gamma ogen Ratio 
A 6 6.67 0.419 0.105 0.143 0.097 0.1h7 0.089 0.72 
10 8 0.391 0.097 0.128 0.125 0.180 0.979 0.6h 
15 03 0.470 0.971 O.11h 0.142 0,167 0.036 0.89 
B h 6.28 0.492 0.088 0.102 O.lbh 0.112 0.062 0.97 
15 6.86 0.345 0.081 0.129 0.137 0.250 0.058 0.53 
21 8.2 0.382 0.082 0.1 0.107 0.196 0.073 0.62 
Cc 7 6.28 0.413 0.088 0.12 O.lkh 0.120 0.093 0.72 
1, ay 3 0.413 0.070 0.127 0.123 0.178 0.099 0.70 
18 745 0.4h6 0.079 0.091 0.132 0.175 0.077 0.81 
D 3 6,28 0.500 0.090 0,101 ~~. 0.132 «0.129 0.048 1.00 
10 7.84 0.389 0.087 0.106 0.12) = 0.217 0.087 0.64 
16 7.25 0.500 0.055 0.07h 0.11:3 0.168 0.060 1.90 
E 5 7.45 0.156 0.120 0.143 09222-< 0.087 0.073 0.83 
10 6.28 0.373 0.106 0.143 0.130. 0.17k 0.07 0.40 
16 7eh5 0.460 0.076 0.12% 0,32h . 0.151 © 0.068 0.85 
F 6 7.65 0.487 0.067 0.133 0.130 0.130 0.053 0.95 
9 7.45 0.470 0.088 0.128 0.126 0.122 0.966 0.89 
16 7.45 0.490 0.093 0.123 Cele.” Oster 0.0hk 0.96 
G 8 6.10 0.48 0.099 0.106 0.190 0.097 0.960 0.81 
12 6.46 0.397 0.108 0.101 0.227. Ole 0.0L9 0.66 
21 7.82 0.48h 0.096 0.071 0.167 0.115 0.067 0.9k 
H 3 7.45 0.91 0.081 0.090 0.165 0.113 0.061 0.96 
11 8.00 0.43k 0.092 0.126 0.118 0.145 0.085 0.77 
20 7.65 0.60 0.067 0.08 0.228 0.09) 0.069 0.85 
Normal 6:= 6 0,603 0.06 0.072 0.121 0.110 0.051 1.53 
Clinical Notes: 
Onset 
Patient Fever* Oliguriax+ Diuresis*#++ Remarks 
A Thru 6th day None Began 9th day Mild case 
B Thru 6th day None Began 10th day Moderate case 
C Thru lth day None Began 8th day Mild Case 
D Thru Sth day None Began llth day Moderate case 
E Thru hth day None Began 8th day Moderate case 
F Thru 6th day None Began 5th day Mild case 
G Thru 9th day Present Began lth day Moderate case 
H Thru th day None Began 7th day Moderate case 


#* Fever range from 102°- 10h°F. 
## Less than 700 ml urine per 2 hours. 
##* Abruvt increase in urine to 3-8 liters ner 2 hours. 


solution used in any specific sample and since samples tended to be taken in grouvs it is 
probable that the distribution of the various preservatives is not a random one. Accord- 


ingly, the data presented is subject to a possible systematic error on this basis. 
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Table XIX. Plasma Potassium and Hemoglobin in Banked Blood 


Age No. Samples Plasma Potassium (mEq/1) Plasma Hemoglobin (mg/100 m1) 
Days a. eo. G A B C A B C 
= Z x a x a x a x a x a 


. 8 aeeue a — == oe 2 ly 
aoe he ae ae eee Ae ee 
2.5 ? 


ban =6h, won ne 69 


10 -- 10 10.9 2.5 en-- --= 11.3 1.8 17 6 --- <- 33 68 
2 te Oe. O° ales eee Tor aad Lak 30° 36 3-—. <oy 60 23 
10 ee: IO: 31,9): 36S meee Cee a 26d 5 | RG ai 62 52 


12 a ee ee! 1960): kad. eee wee, bee kas B9 - ER Oe vie BO GL 
13 ee ae wee ieee My Ook eee emel lee wee OO, CL eam, an 
ly 10 — 10 15.5 3.0 ~~ -<02 s-- 14.6 2.4 62 39 --- -- 71 26 
15 Re EO re BAe eet 16.6 Wh Chases? ote” EP Cee te BR OO ee oe 
16 10 -- 10 19.4 6.6 ---- --- 15,8 2.0 13h 10h --- -- 9h dh 
17 a ae pee ae, BOR OGD nema wan, wom mee CNS ame leee mes 
18 ee 10 18.52 7 eae cee dO 200 03. SE. one ee Ot es 
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x - Mean 

a - Standard Neviation 

A - U. S. Blood, studied in Tokyo 

B - U.S. Blood, studied in Korea 

C - Japan collected blood, studied in Tokyo 


view of the regularity and narrow distribution of the plasma potassium levels and, to 

a lesser extent, of the nlasma hemoglobin these data are presented with the above res- 
ervation. A similar series of whole blood glucose levels is not recorded here because 
of an apparently very marked effect of the different solutions on this factor, At- 
tempts to correlate the various indices observed without knowledge of this uncontrolled 
variable is considered unwarranted. 


Methods - Blood bottles for sampling were selected at random from stocks avail- 
able and mixed for five minutes by gently rolling the bottle from side to side. The 
mixed bottle was sampled using a size 17 needle and a dry syringe. The hematocrit was 
determined and the plasma separated for analysis immediately. 


Plasma potassium was determined by flame photometry using an internal lithium 
standard, “For convenience the analyses done in Korea were on plasma samples stored for 
three to four weeks after they were drawn from the bottle of blood, but control samples 
demonstrated no detectable change in potassium concentration during that time. 


Plasma hemoglobin was determined by the method of Bing et al, as modified 
at the 06th Medical Serena Laboratory (5), 
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Into a suitable colorimeter cuvette are placed, in se- 
quence, 0.6 cc of 2% benzidine base in glacial acetic 
acid, 0.2 cc of the suitably diluted sample and 0.2 cc of 
0.6% hydrogen peroxide. After standing one hour 6 ce of 
20% acetic acid are added, and the color intensity read 
at wave length 60 m. Standards of 5, 7.5, and 10 mg% 
were vrepared by diluting whole blood and the unknowns 
were diluted to read within that range. A Coleman Junior 
Epectrophotometer was used in these studies. 


Since there was a frequent interfering cloudiness in the low dilutions of plasma it 
has occasionally been necessary to express a concentration as being below that com- 
parable to the lowest dilution that failed to give the cloudiness though the appar- 
ent color intensity was below that of the lowest standard. 

f The red cell osmotic fragility curve was determined in phosphate buffered 
saline solutions according to the method of Parpart et al (6), It has been sugges- 
ted by Sack et al (L7) that the 0.6% saline fragility most closely parallels in vivo 
survival times. This study was arranged to cover that range. All necessary reagents 
were prepared as a single lot at the 06th Medical General Laboratory for uniformity. 


Studies of Blood from the United States - This group consists of blood col- 
lected in bottles using ACD solutions obtained from the regular shipments to the Far 
East Command. 


The plasma potassium and hemoglobin are presented in Table XIX. There is a reg- 
ular, almost linear rise of the potassium with time, which may be extrapolated to 1:.0 
mEq/liter at the time of drawing and reaches apvroximately 20.0 mEq/liter on the twen- 
tieth day. Thereafter, the rise is slower, reaching a level of 2h mEq/l on the 30th 
day. There is a relatively small scatter of individual specimens about the mean. 


There was a very much wider scatter of individual observations of the plasma 
hemoglobins, but the level appears to rise irregularly from 10-15 mg percent on the 
fifth day to 100 mg percent on the twentieth day. 


The plasma potassium and hemoglobin levels of individual specimens showed only 
approximate correlation with occasional marked exceptions. 


As with the plasma hemoglobin, there is a wide range of variation among the red 
blood cell fragility curves. The mean percent hemolysis for each saline concentra- 
tion is presented in Tables XX and XXI. 


A group of 10 has not proven large enough to allow evaluation of minor changes, 
It is apparent, however, that after 5 days there is little change until the 16th or 
17th day when a regular shift toward increasing fragility starts. 


Discussion - In presenting this material it is recognized that the data 
can be considered only as indirect indices of quality. Neither increased plasma po- 
tassium nor increased plasma hemoglobin per se can be considered evidence of deter- 
ioration from the point of view of usefulness in transfusion since the correlation 
of toxicity at such plasma levels is unknown and, of more importance, it is possible 
that considerably more of these materials are released into the circulation by the 
breakdown of cells following transfusion. If 10% of the red cells of blood tyvical 
of this study hemolyze shortly after transfusion, the votassium released would ap- 
proximate that of the transfused plasma (2-3 mEq per liter of »blood) while the 
plasma hemoglobin would be exceeded thirtyfold (1).5 gm vs 0.5 gm per liter of blood). 
No final jucgment as to preserving qualities or usefulness of blood is offered herein. 
Presumptive evidence is presented but only after these data are correlated with red 
blood cell survival studies presently being carried out by the Surgical Research Team 
can a definitive decision be made on these points. 


reper Sa A As of the Opium Alkaloids - The difficulties attending 
the purification an entification of opium alkaloids in tissues and body fluids 
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Table XX. Mean Osmotic Fragility, U. S. Blood 


Studied in Tokyo 


Age 
Days) Saline Concentration vs % Hemolysis 
5 1 8 31 88 96 
6 0 3 13 88 9h 
8 ) iF 18 86 90 
10 0 10 26 92 95 
12 1 11 23 86 9h 
Ly; 1 11 30 91 95 
16 2 10 92 96 
18 h 17 3h 90 95 
20 10 23 36 91 9h 
22 11 28 51 86 95 
2h 10 26 hh 88 93 
26 17 ho 62 91 96 
28 10 23 2 90 95 
30 18 38 Sh 91 96 


Studied in Korea 


Age 


(Days) Saline Concentration vs % Hemolysis 
e es e elt? Q. e 


7 3 9 26 75 92 98 
11 7 16 hl 82 9h 97 
13 8 22 ho 80 90 97 
15 6 12 31 6h 87 95 
17 8 22 3 73 91 97 
19 17 32 57 8h 93 96 
21 7 23 L6 7h 91 97 
25 12 35 59 86 9h 98 


Table XXI. Mean Osmotic Fragility, Japan Col- 
lected Blood Studied in Tokyo 


Age 
(Days) Saline Concentration vs % Hemolysis 
) 1 7 26 85 9h 
2 1 8 33 91 95 
h 1 11 kl 9h 97 
6 2 12 38 89 9h 
8 z 17 39 89 95 
10 2 17 L8 92 96 
12 h 22 2 93 97 
14 5 21 Ls 91 96 
16 h 23 47 93 97 
18 7 2h 52 9h 97 
20 15 hl 65 9h 
22 15 ho 61 86 92 
2h 9 ed 55 90 95 
26 9 37 57 93 96 
28 20 46 73 91 95 
30 17 hh 66 92 95 
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have long plagued the toxicologist. The amounts of alkaloids present in toxicologic 
specimens are extremely small and must be isolated in a relatively high state of pur- 
ity before chemical identifications can be made. Because the isolation technics are 
imperfect and the chemical tests subtle, the experience and skill of the toxicologist 
is often the deciding factor between a positive and negative alkaloid identification. 
Since the finding of narcotic alkaloids raises questions of grave nature, there is a 
reluctance to report as positive any but the most conclusive of the chemical tests; 
doubtful or borderline reactions are reported as negative. The application of the 
paper chromatography technic has done much to minimize these difficulties. 


The general methods and principles of paper partition chromatography can be des- 
cribed briefly as follows: A small drop containing the solute under investigation 
is placed near one edge of a strip or sheet of filter paper. After the spot has 
dried the paper is placed in a sealed container. The atmosphere within the chamber 
consists of air saturated with water and the vapors from an aporcpriate solvent. Af- 
ter the paper has come to equilibrium with the atmosphere the end of the paver con- 
taining the svot is brought into contact with the solvent. The solvent flows past 
the spot by capillary action and up the length of the paper. At this time the solute 
will have moved a distance along the vaper, that distance depending unon the rel- 
ative solubility of the solute between water and the solvent (i.e., the vartition co- 
efficient). The movement of the solute zone has been explained 8 conveniently as 
follows: "The cellulose fibers have a strong affinity for the water »resent in the 
solvent phase but very little for the organic liquid. The paper itself is thought 
of as an inert support holding a stationary aqueous phase. As solvent flows through 
a section of the paper containing the solute a partition of this comoound occurs 
between the mobile organic phase and the stationary water phase. Thus, some of the 
solute leaves the paper and enters the organic phase, When the mobile liquid reaches 
a section of the paver containing no solute, vartition again occurs, This time, 
solute is transferred from the organic phase to the paper phase. With continuous 
flow of solvent, the effect of this partition between the two vhases is the transfer 
of a solute from the point of its application on the paper to a point some distance 
along the paper in the direction of solvent flow." 


(1) General Procedure - Rectangular sheets of filter paper measuring 28 x 
32 cm are cut from larger sheets of No. 1 Whatman paper. A vencil line (base line) 
is drawn cm from the longer edge of the paper, paralleling that edge. On points 
along this line, at 3 cm intervals, 0.005 to 0.01 ml drops of the samples to be 
chromatographed are placed using 0.1 ml Mohr pipettes. The paper is dried at room 
temverature, When volumes ereater than 0.01 ml are to be chromatographed, the solu- 
tion is aoplied to the paper in aliquots, allowing each aliquot to dry before further 
additions are made. The paper is then bent pervendicularly to the base line into a 
cylinder and fastened at the end opposite the base line with paper clivs using a 
paper bridge to separate the edges which close the cylinder. The paper cylinder is 
lowered, base line end downward, into a Smillie jar (Figure 2). The jar is clamped 
shut, using stopcock grease to effect an air-tight seal. Employing a vipette, the 
aqueous phase of the two-vhase, water-solvent mixture (cf. below) is introduced 
through opening A onto cotton surrounding delivery tube B. This arrangement facil- 
itates saturation of the atmosphere. Enough solution is applied to saturate the 
cotton, any excess falling into Beaker C. Opening A is stoppered and the apparatus 
is untouched for a period of four or five hours during which time the paper reaches 
equilibrium with the enclosed atmosphere. At the end of this veriod, 50 ml of the 
solvent phase of the two-phase mixture is introduced into the bottom of the jar via 
funnel D and delivery tube B. The solvent immediately begins its capillary climb 
up the paper. After approximately 13 hours the solvent front has advanced to 
within 2 or 3 cm of the top of the paper cylinder. The paper is then removed and 
laid flat and the solvent front boundary is marked immediately with pencil. The 
paper is air dried at room temperature by clipping to an electric fan. Using an 
atomizer, the paper is sprayed with a reagent to show the location of the alkaloid 
areas. In establishing the Rf value a point is selected in the alkaloid spot rep- 
resenting the greatest color density. The distance between this point and the 
base line divided by the distance between the base line and the solvent front bound- 
ary is the Rf value of that spot. 


Funnel O 


Delivery Tube 8B 


Paper bridge and 
clips 


Filter paper 


Smillie jar 


Cotton 


50ml beaker C 


Base _ line 


Aqueous’ phase 
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Figure 2. Chromatographic Apparatus 


(2) Paper Chromatogra of Pure Opium Alkaloids - Before toxicology stud- 
ies could be ini ed, was necessary to establish a workable procedure using pure 
alkaloids. While more than 25 alkaloids have been isolated from opium, about 98% of 
the total alkaloid content of opium can be accounted for by 6 of these--namely, mor- 
phine, narcotine, papaverine, thebaine, codeine, and narceine. Accordingly, of the 
naturally-occurring opium alkaloids, only these 6 compounds were considered in this 
study. In addition, 3 synthetic morphine derivatives were included in the series: 
heroine, dionine, and apomorphine. 


Stock solutions - Stock solutions of the 9 alkaloids and their 
hydrochloric and acetic acid salts were prepared. The free bases were made up as 0.50% 
solutions and the salts in concentrations equivalent to 0.50% solutions of their cor- 
responding free bases. Fifty percent ethanol was employed as the solvent for all of 
the alkaloid salts except narcotine acetate, which was made up with 95% ethanol. Of 
the free bases, narcotine, thebaine, heroine, and apomorphine were dissolved in chlor- 
f oform; papaverine, codeine, and dionine were prepared in 50% ethanol; morphine was 
. made up with isoamyl alcohol; and narceine with 10% ammonium hydroxide, 


| Se enepnee sore epane solvents - The following solvents were 
1 employed experimentally an attemot to a suitable chromatographic developing 
agent: ; 


n-butanol 

n-butanol, acetic acid 

} n-butanol, ammonium hydroxide 

n-butanol, chloroform 

n-butanol, chloroform, acetic acid 

n-butanol, chloroform, ammonium hydroxide 
n-butanol, saturated sodium bicarbonate 
n-butanol, phosphate buffer (serial pHs from ).5 to 8.5) 
i n-butanol, hydrochloric acid 

n-butanol, sodium hydroxide 

iy isoamyl alcohol 

i isoamyl alcohol, acetic acid 

i isoamyl alcohol, ammonium hydroxide 

1} isoamyl alcohol, pyridine 

Hi butyl acetate 

i} butyl acetate, acetic acid 

butyl acetate, ammonium hydroxide 

toluene 

Wy toluene, acetic acid 

| toluene, ammonium hydroxide 

i chloroform 

ay chloroform, acetic acid 

i chloroform, ammonium hydroxide 

i: pyridine 

‘i aniline 

1 ethanol (various concentrations) acetic acid 
if ethanol (various concentrations), ammonium hydroxide 
ethylene glycol monoethyl ether 


ul Of these, only butanol-acetic acid and isoamyl-acetic acid gave well-positioned, clear-cut 
| separations. Because its slower canillary climb up the paper is more suitable fa lab- 
oratory time arrangements, the isoamyl alcohol solvent was selected in vreference to 

chs the butanol solvent. It is prepared as follows: isoamyl alcohol (100 ml), glacial acetic 
acid (10 ml), and water (50 ml) are shaken together thoroughly in a separatory funnel and 
i the mixture allowed to stand for 3 days at room temverature before being separated into 
solvent and aqueous phases. The 3-day standing period enables the solutions to come to 
si “s eQuilibriumwith respect to the formation of isoamyl acetate, 


Spot developing reagents - Preliminary trials with a number of re- 
agents giving color reactions w opium alkaloids led to the selection of a modified 
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Dragendorff's reagent and a potassium idoplatinate solution as the reagents most nearly 
filling the requirements of this study. They are prepared in the following manner: 


Dragendorff's reagent: Bismuth subnitrate, 2.5 gm, water, 20 ml, glacial 
acetic acid, 5 ml, and potassium iodide (); gm previously dissolved in 10 ml of water) 
are mixed. The precipitate that forms on standing for about 3 hours is removed by 
filtration. The filtrate is the stock solution. Just before using, one part of stock 
solution is mixed with 2 parts of glacial acetic acid and 3 parts of water, 


Potassium iodoplatinate reagent: 1 ml of 10% platinic chloride and 25 ml 
of % potassium iodide are mixed and the resulting solution made up to 50 ml with 
water. 


The sensitivities of these two reagents were tested against 10, 20, and 50 micro- 
gram spots of the 9 alkaloids which had been developed chromatographically as described 
above. All quantities of each of the alkaloids were applied to the paper in 0.01 ml 
volumes. The results are shown in Table XXII. 


Table XXTI. Reagent Sensitivity for Alkaloids 


Alkaloid Quantity of Alkaloid 


10 m 20 mm 50 mu 

See McFis aa game bores: PRMRRENS oe 
Morphine Minus Plus Minus Plus Plus Plus 
Narcotine Plus Minus Plus Plus Plus Plus 
Papaver ine Plus Plus Plus Plus Plus Plus 
Thebaine Plus Plus Plus Plus Plus Plus 
Codeine Plus Plus Plus Plus Plus Plus 
Narceine Minus Minus Minus . Minus Plus Plus 
heroine Plus Plus Plus Plus Plus Plus 
Dionine Plus Plus Plus Plus Plas Plus 
Apomorphine Minus Plus Plus Plus Plus Plus 


1 pragendorff's reagent 
2 Potassium iodoplatinate reagent 


It is seen from the table that when potassium iodoplatinate was used all of the 
alkaloids but narcotine and narceine could be detected in 10 microgram quantities, 
and that the narcotine spot was visible at the 20 microgram level. With Dragendorff's 
reagent, morphine, narceine, and apomorphine could not be discerned at a 10 microgram 
level. Fifty microgram spots of all alkaloids were visible when either reagent was 
used. The platinate is the reagent of choice because it offers a better contrast 
between spot and background and is more sensitive, in its reaction with morphine, the 
alkaloid of greatest interest in this laboratory. 


Rg values: The 9 opium alkaloids were chromatographed as their free 
bases, acetates, and hydrochlorides, More variation was observed with the alkaloid 
salts than with the free bases. The results obtained with the latter using both the 
butanol-acetic acid solvent and the isoamyl alcohol-acetic acid solvent are reported 
in Table XXIII. 


The spot patterns obtained with both solvents are similar, the general difference 
being the lower Re values produced with isoamyl alcohol. That this lowering of Rr 
values is not proportionate throughout is seen by noting the B/A ratios given in the 
table. Morphine and codeine migrate at less than the average retarded rate. The 
reverse is true of narcotine and papaverine. 


The values given for the butanol solvent represent averages of five determina- 
tions, three of which were run simultaneously, but in different chambers. The average 
variation between the Rr values of the alkaloids of the two non-simultaneous trials 
is 7.2 (0.9 to 15.8) percent. In the simultaneous trials the deviation from the mean 
never exceeded 3.2 percent and the average is only 1.9 percent. Variation is even less 
if one considers the relative position of the spots, that is, the relation of each 
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Table XXIII. Comparison of Solvents for Alkaloids 


Butanol- Tsoamyl Alcohol 
Acetic Acid Acetic Acid 

Solvent Solvent 
Alkaloid Re (A) | Re  (B) B/A 
Morphine 0.41 0.12 0.29 
Narcotine 0.76 0.62 0.82 
Pavaverine 0.7h 0.61 0.82 
Thebaine 0.65 0.43 0.66 
Codeine 0.48 0.20- 0.h2 
Narceine 0.67 0.46 0.69 
Heroine, 0.61 0.36 0.59 
Dionine 0.57 0.30 0.53 
Apomorphine 0.65 0.33 0.51 


alkaloid spot to all others on the same sheet. Such a consideration can be apprec- 
jated mathematically by comparing the Rf of each spot with the average Rf of all 
spots. Here, the deviation from the mean does not exceed 1.9 percent (average: 1.2%) 


The values given for the isoamyl alcohol solvent were obtained from a single 
trial. Experience has shown that there is considerable variation in the R¢ values 
obtained over a period of months. The following factors are known to influence R¢ 
values: 1) the paper employed, 2) temperature, 3) quantity of material being chrom- 
atographed, 4) extraneous substances, 5) degree of saturation of the paver with water 
and solvent, 6) starting point with relation to solvent, 7) height of chromatograph, 
and 8) volume of starting spot. In these experiments temperature was the only factor 
not controlled. Indeed, it was found in many subsequent determinations where morphine, 
codeine, and heroin were employed as standards in toxicologic determinations that tem- 
perature had a definite influence on the Re values obtained. The values reflected the 
effects of seasonal room temperature changes, higher temperatures giving higher Rr 
values. A summary of 92 trials employing the isoamyl solvent against morphine, cod- 
eine, and heroine gave respective Re values of 0.151 (0.12 - 0.19), 0.2h3 (0.20 - 0.30), 
and 0.382 (0.31 - 0.47). These figures emphasize the necessity of simultaneously em- 
ploying standards where unknown samples are being determined, especially when con- 
trolled temperature conditions do not prevail. 


Two-dimensional chromatography: It is seen in Table XXIII that several of 
the Rr values fall within close range of each other. Compounds which group together 
in one-dimensional chromatographs can often be separated by two-dimensional chromato- 
graphy. With this technic a spot is placed near the corner of a square of filter 
paper and chromatographed in the usual manner. After the solvent has run its course, 
the various compounds have aligned along one edge of the paper. When dry the paper is 
rotated 90 degrees and the spots rechromatographed using a different solvent. This new 
solvent flows through the horizontal row of spots and transports them vertically to 
another area of the paper commensurate with the Rg value of the compound in that sol- 
vent. The completed sheet shows the spots distributed in characteristic positions 
throughout the paper. By plotting the Re values of one solvent as abscissae against 
the Rf values of another solvent as ordinates, it is possible to anproximate the 
positions of spots as they would appear if these two solvents were used in a two-dimen- 
sional chromatograph (49), This has been done in Figure 3 where isoamyl alcohol-acetic 
acid solvent is used in the first vhase of the two-dimensional scheme and isoamyl alcohol- 
ammonium hydroxide solvent* is used in the second phase. The noints placed along the 
abscissa and ordinate show the expected positions of the alkaloids had they been devel- 
oped in a one-dimensional system by the respective solvents. Experimental results clcsely 


* This differs from the isoamyl-acetic acid solvent only in that concentrated 
ammonium hydroxide is substituted for glacial acetic acid. 
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ti approximate the calculated results shown diagramatically. While this two-dimensional 
i system is not ideal (e.g., papaverine and narcotine still remain unseparated), much 
of the crowding found in the one-dimensional schemes is eliminated. 


Chromatography of alkaloids extracted from toxicologic specimens - The final 
dry extracts obtained from tissues by the Stas-Otto procedure or from blood or urine 
by a new procedure developed in this laboratory and outlined in the section for tox- 

: icology are transferred from 50 ml beakers to 13 x 100 mm lipless test tubes (Wasser- 

ts mann type) using 2 ml of boiling ethanol. The ethanol is removed by evaporation on a 

i water bath. Three or four drops of ethanol are added to the tube and, while still in 

i the water bath, the solution is drawn up and down a 0.1 ml Mohr pipette until a volume 

of 0.06 ml is reached. Four 0.005 aliquots of this are applied to the paper forming 
‘a single spot. Each aliquot is allowed to dry before making the next addition, thus 

keeping the area of the final spot at a minimum. The remaining two-thirds of the 

a material is saved for chemical testing. Morphine, codeine, and heroin standards 

ts (free bases) serve as controls. An 0.5% solution of each is applied to a single 

point on the base line in a volume of 0.005 ml. The spots of the various extracts 

to be tested are located at 3 cm intervals on the base line, chromatographed in the 

described manner with the isoamyl alcohol-acetic acid solvent, and sprayed with the 

iodoplatinate reagent. 


A comparison of the results obtained by chromatography and by chemical tests 
(Marquis, Frohde and Mecke) during the months of August, September, October, and 
November 1952, on a total of 221 cases is shown in Table XXIV. 


Table XXIV. Comparison of Chemical and Chromatographic Detection of Alkaloids 


ih Chemical Chromatographic 
fh Results Results 

i. Negative 173 146 

i Quest ionable 20 30 

ts Positive 28 hs 


All but a small number of the cases in Table XXIV involve blood and urine spec- 
1 imens. A good part of the discrepancy between the number of positive cases found by 
i chemical and chromatographic methods results from the manner in which the urine was 

i processed. Gross and Thompson (50) found that hydrolysis* of urine from morphinized 
dogs increased the yield of morphine four or five times. This is due to the release 
i of morphine from a combined form not recovered by usual extraction procedures. In 

ii order to take advantage of this extra source of morphine, the hydrolysis pvrocedure 

ip was incorporated in the extraction process. A comparison of hydrolized and unhydrel- 
ized urines soon verified the advantages of hydrolysis as was evidenced by the greatly 
52 increased sizes and intensities of the developed morphine spots. However, hydrolysis 
introduces a serious problem, that of increasing the imourities in the final extracts. 
These impurities are dark brown and mask the chemical color reactions to the extent 
that, even while greater amounts of morphine are present, a more positive conclusion 
could have been reached had the urine not been hydrolized. These impurities incur 

no disadvantages in the chromatographic process since they do not affect the progress 
of morphine migration and they rise to positions on the paper high above the morphine 
spot area, 


The "questionable" cases of Table XXIV require some discussion. Almost all of 
those so classified from chemical tests were listed as vositive chromatographically. 
On the other hand, those cases which were considered "questionable" chromatographic- 
ally result from chromatographs where only very weak morphine spots were observed, 
where morphine spots were "off color", or where the R¢ values were slightly different 


* A suitable aliquot of urine was hydrolized with 10% by volume of 
concentrated hydrochloric acid in the autoclave by heating 
at 15 pounds pressure for 30 minutes. 
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from that expected for morphine. The very weak spots represent quantities of morphine 
less than 10 micrograms. Chemical confirmation of such minute amounts of morvhine 
cannot be expected when it is remembered that the remaining two thirds of unchromato- 
graphed extract must be divided to make the several chemical tests, 


The ideal chromatographic procedure would be specific for opium alkaloids and 
nothing else. The achievement of such an ideal is not likely because of the non- 
specificity of alkaloid isolation methods, Rg values, and spot detection reagents. 
That the procedure developed here is not ideal is evidenced by the appearance of 
occasional miscellaneous spots. The distribution cf these extraneous spots from 
extracts of blood, urine, stomach contents, liver, and brain from 201 negative cases 
is given in Table XXV. . 


Table XXV. Distribution of Extraneous Chromatographic Spots 


Cases Where Percent of Cases 
Miscellaneous Showing Miscellaneous 

Specimen Total Cases Spots Were Found Spots 

Blood 152 7 q 

Urine 86 18 21 

Stomach Content 20 10 50 

Liver 19 8 h2 

Brain 10 3 33 


* Includes both hydrolized and unhydrolized samples 


The high incidence of extraneous spots found in stomach contents extracts is an 
expected finding since a large variety of alkaloids are found in the plant foods com- 
monly ingested. Blood and urine extracts showed the fewest spots, not only in the 
number of cases but in the number of spots per case. Undoubtedly some of these un- 
identified spots represent alkaloids of oharmacologic interest. Fortunately, few 
of these spots fall in the morphine area and, when they do, they show a violet color- 
ation rather than the characteristic dark blue of morphine. These extraneous svots 
are quite often diffuse and leave trailing streaks in their wake. They are easily 
recognized by the experienced operator. 


Of particular interest are those extraneous spots found in positive morphine 
extracts. In the sodium hydroxide-chloroform extract of most urine samples showing 
a strong morphine spot, a second spot is found in the codeine range. The persistent 
appearance of this spot in association with morphine suggests that it represents a 
metabolic end product of morphine, pons iply codeine. The conversion of codeine to 
morphine in tissues has been demonstrated 51 3; that the reverse process might take 
place is not a fanciful suggestion. Quite often a third spot is found located be- 
tween the codeine and heroin areas. A fourth spot is sometimes observed in the 
range of Re 60 to Re 70. This spot is most commonly seen in hydrolized specimens. 
Attempts at identification of these materials are being made with the hope that 
something may be learned about morphine metabolism. There is some evidence that 
addicts metabolize morphine in a different manner than novices (52, 53), and it is 
possible that the appearance of the spots associated with morphine in some cases | 
and not in others may reflect the degree of addiction of the subject. An alterna- 
tive explanation may be that because the urine samples are collected at different 
times after the drug is administrated they represent various stages of morphine ; | 
metabolism. 


While heroine is wndoubtedly the offending drug in most subjects, this alk- 
aloid has never been observed on the chromatographs, thus supporting the view that 
heroine rapidly converted to morphine in the tissues, 


These results show the validity of applying the paper nartition chromatogravhic 


technic to toxicologic oroblems. They also voint out the need for an improved method 
of purifying extracts. 
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Poe oer see eae of alkaloids extracted from toxicologic spec- 
imens: After esta e presence of suspec opium alkaloids by chromatography 
using one-third of the final extracts, the remaining two-thirds of the material is 
purified chromatographically before attempting chemical identification (When very 
large spots are observed on the preliminary chromatograph, only half of the remain- 
ing material is used for purification). Instead of spraying this second chromato- 
graph, small squares of paper are cut from areas corresponding to the spot areas found 
on the preliminary sheet. These areas are located by clipping out a strip of paper . 
containing chromatographed standards (morphine, codeine, heroine, spraying this strip, 
and then replacing the strip to act as a guide. The areas to be extracted can be 

even more perfectly located by cutting a one millimeter strip up through the center 

of the chromatographic path, spraying this, and replacing it in the sheet. Areas on 
both sides of the color band on this narrow strip are removed for extraction. The 
squares of paper are rolled into a cylinder and placed in Wassermann-type test tubes. 
The paper is wetted with 2 drops of concentrated ammonium hydroxide and 2 ml of chlor- 
oform is added. The chloroform is boiled for a few seconds on a water bath and the 
chloroform extract transferred in 1 ml aliquots to a second test tube contained in 

the water bath, allowing the first portion of chloroform to evaporate before adding 
the second. Spraying of these small pieces of paver after extraction shows the alk- 
aloid has been removed. Similar extractions employing ethanol proved unsuccessful; 
substances interfering with the chemical tests are extracted with ethanol. As a 

check against the possibility of one spot having "wandered" into the "lane" of an 
adjacent extract, the sheet from which the squares have been cut is sprayed with the 
iodoplatinate reagent. In the experience of this laboratory such migrations have not 
occurred, but it is felt that this precaution must be taken to obviate legal critic- 
ism. 


The residue remaining after the chloroform is removed is colorless and of such 
minute quantity that only by close inspection can it be seen at all. For chemical 
testing, five drops of ethanol are added to the tube and the tube warmed briefly on 
a water bath. Aliquots of this are dried on a spot plate or microscope slide for 
testing. The resulting reactions are comoarable to those seen with tests on pure 
alkaloid standards; background colors and charring are absent; the colors persist 
and show the classical transformations. 


The chromatographic purification of alkaloids has been applied routinely in 
this laboratory only during the last three weeks of December, and, while there have 
not been sufficient cases to establish the absolute validity of the method, the re- 
sults obtained thus far have been highly encouraging. Spots have been graded as to 
size and density so that a spot which is just discernible receives a rating of 4 plus, 
a dense spot with dimensions of about 14x2 cm is classified as 3 plus, and other 
spots between $ and 5 are graded accordingly. It is estimated that a } plus spot of 


morphine contains about 5 to 10 micrograms, and a 3 plus spot, 50 to 75 micrograms 


of the alkaloid. The chromatographically purified extracts were given a grade de- 


rived from the preliminary chromatograph, thus adjusting for the amount of extract 
used. Thirty-four urine extracts which showed preliminary chromatograph spots in 
the morphine area with grades ranging from + to 5 plus were purified as described 
above. All but one of 21 purified residues with a 3 plus rating or greater gave 
positive chemical reactions. The single exception was cbtained from an extract 
which showed a violet spot rather than the characteristic blue of morphine. Five 

24 plus, three 2 plus, and two 14 plus urine residues were all positive. One 1 plus 
urine residue was positive, another negative. A single 4 plus urine residue gave 
negative results. A purified extract from brain (1 plus) snowed good positive chem- 
ical reactions. A codeine spot (3 plus) froma stomach contents extract was purified 
chromatographically and identified chemically. The advantages of paver vurification 
become obvious when these figures are compared with those given for unpurified ex- 
tracts in Table XXV. 


More recently it has been found that morphine can be recovered directly from the 
sprayed spot. When the vaper is sprayed lightly, only a small amount of the morphine 
combines with the platinate. This lightly sprayed spot is treated with ammonium hy- 
droxide and extracted as described above. The residue thus obtained is indistinguishable 
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from that recovered from an unsprayed area. This modification of the procedure elim- 
inates the preliminary chromatograph, and saves not only time, but working material. 
In addition, it enables perfect delineation of the spot to be extracted. 


Paver chromatography has not been applied to quantitative analyses of the alk- 
aloids in this laboratory, but the above studies indicate that the technic would 
adapt readily to such procedures. 


DEPARTMENT OF BACTERIOLOGY ; 


= a Bo re 
, oats 


i The mission of the Bacteriology Department during 1952 continued to include 

bi bacteriologic support of medical units in the Far East Command and the manufacture 
of diagnostic antigens and antisera for use by these units. Materials for intra- 
venous therapy were processed and safety tested, and antibiotics were assayed for 
potency. Problems of major interest have included the anaerobic bacterial flora 
of war wounds, new methods in Clostridia isolation and identification, the bacter- 
lology of enteric infections in Japan and Korea, the antigenic structure of Shigella, 
Leptospirosis, and the bacteriology of non-specific urethritis. The department is 
organized into 7 sections: Diagnostic and Sanitation Bacteriology, Anaerobic, Tu- 
berculosis, Enteric, Biologics Products, Special Projects, and Service including 
media preparation, glassware processing, sterilization and animal caretaking. 


A total of 134,728 routine examinations and procedures were carried out in 
processing 1,125 specimens. In addition, the production of diagnostic biologicals, 
tests for pyrogens, other safety tests and assays, and lyophilization of newly 
isolated cultures of scientific interest occupied a significant part of the effort 
of the staff, Although total procedures did not increase during 1952 as compared 
{! with 1951, the amount of media used increased by 1,000 liters, indicating the in- 

: creased scope of investigative work pursued. 


A summary of routine procedures carried out is presented in Table I. 


Table I. Bacteriologic Routine Procedures, 1952 


Smears: 


ae 

i Clinical specimens COOKCOEOOHEESEHOHT ESTES OEE SCE EHCOESELEEELEEESE 4,015 

i Darkfields, including leptospira Soeceroesesceosrcesesesseoesees® 528 

1 Acid-fast bacilli seeeeeaeteseeeeeeoeseGeeeee eevee es ese eeeeeeeseesd ee 6,021 

13} 

: Cultures: 

if BLOGG cccoccocccccscccccecceccccecececcererereecceegceesocecs 155 

hi Urine CHOOT EOE EEEHHESOEO ET EESE HOSEL OHEE ESOS SOHO OOOESETESOEOOS 288 

f Transudates and exudates ceccocecoccccsesscccrccerececcseccce 111 

Ht, Wounds and tissues (human) SCOOT OC OLE SELES ESELOLES ESTER SELES 1,367 
Sputum SOOCHSSSESSE SESS SES ESHSSHSSESHSSSHSSFHSeEESSESeSeESCesEHsesesseeses 250 
Ear, Nose, and Throat seocoveccccccvcccvccvccccccccscccccscoce 1,527 
Genito-Urinary, female @eeeeeeeescooeeoseeeseaeeseeseoeee eee seeee 313 


Male Urethral and Penile lesions sescocccscccccceccscceccecce 1,980 
Stools and rectal swabs cecccccscccccescccccccceccscecceocses 2,106 
Tuberculosis COSOSHOSEHES ESE TEOHSESHEHESEESEHOOHHOREEEOEES ES EEEEOESE 9,Oh1 


Autopsy cultures (human) SCOSHTHHOEHTEH SCOT ESET OEESEOEEEOE EEO 322 
Autopsy cultures (animal) PREHOEOHE SHS EESESHEOHEEO SELES EC EEEEOE 532 
FPOOd cultured ceoccccccccccccccccesccccesccccccesccececeveces 330 
Organisms submitted for identification eccccsccsccccesesccece ,882 
Sterility CLOSES coccccccccccsecccccesceeceessecseserseccseses 270 
Leptospira cultures COPS OHEHEESHH HOH EEO HE ESEOHE SOSH SE REE SES CES 206 
Miscellaneous ccccccccccccccccscccccscecscccnceeccccccccences 763 


yreee rere, Saatenignegy 


Processed waters and 1C€@ cecccceccccccccccccccccccccesseceeee 40,752 
ROW WALES 000500006 800500 ces 00 60e ce seeneseseeeeceecesegecese 2,256 
Le Dairy products COHHHS SEH SOHOHOHSESEOHESEHSEE HET HSS SESS EELESESOS 3,200 
: Food and Miscellaneous ccccccccccccerscvccvcccecveccccssoeses 939 
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Animal Inoculations 


Virulence and TOXICITY ccccccccccccsccvccceccceccccsccseseces 
Pyrogen tests = Be bg SU Pee Se Ss RR eae by Re Cie MI OR BR ORR es RRR 
Clostridia pathogenicity determinations e.cccccccccccccccses 
Leptospira SROCUIRULONS 6 sie'ds is aes Ses ceeds seeeciacecedeveves 
Guinea pig inoculations for tuberculosis .s..sccccccsecceees 
Tuberculin tests COPS SHT SS OH SESH OOSHE SH EHE HES OEHOEO OOOO OLEEOS 


Diagnostic Antibody Determinations 


Febrile agglutinins (Typhoid, paratyphoid, etc.) seccscccsecs 
Leptospira cccccccccccccccevccescccccscccccccescsceccoceceee 


Antistreptolysin POCO EH SESE HSEHOOH OSES HOSE OSE EEOELESTEESEO®S 
Diagnostic Procedures, other 


Acrolein tests (Clostridia) COPS SETHE SESEHHTOHEHEE HE SEL EOSER 
Antibiotic assay and blood level ceccccscccccccccccevcccccce 
Sensitivity of organisms to antibiotics seccrccccsescccecece 
Animal inoculation SOCCESCHOHH CESS OSE OS OS EH OEE SEHETE LEE CET COLE 
Animal BUTOPSLES ceccecdicccevevesrvcccdsescesesdveenvececces 
Streptolysin vO" production, Cle cocccercesececresecesesece 
MIBCETIANOOUS: Chic cso cate thw eb eee Cae deUs bvcstpecbeeabee 


Biologics Production 
Autogenous vaccines COHOHHSOEOHHSHEHESOHSEHOH HHS OH HOSEL OOOO ORE 
Diagnostic antigens, 5 cc. mits: 


Typhoid NO*, "He SCHCOCHTEEH COOH EESE SHO EOS SCE REOOEE EES 
Paratyvhoid nan and npr @eereeeeaeooe Ooeoeeeoeae eee e2 ee 
Proteus OX series ccccccccvcccceccccocecevccecesecs 
Pasteurella spp. COPS SOHO ETE HOH ETO HELE HEOEHELES 
Brucella Sppe @eeeeeaeve Bee ee see eceoecee ee ee eeeoeaeee2 eo 808 


Diagnostic antisera produced, 1 cc units: 
Shigella EPPo eoccveescvesscsessrcecesseseerse 2 6ee 
Leptospira, Salmonella, OCHS? dsdocccccccesdcceves 
Single factor sera, Salmonella, and Shigella, cc.. 


Rabbit serum, sterile 10 cc. units ecepeaceceeeees 
Other sera and culture material ceccccccccecsccccce 


Cultures lyophiled (new strains) COCK OEE OES OE LOE OLEE®E 
Diagnostic antisera issued ceccccssecccccccccccese 
Diagnostic antigens issued ceccccccccvcsscccccvece 
Cultures issued cacccsescccccvesesccscecsccosvececson 
TOTAL PROCEDURES wercccecccces 
Media Production 


Plates eseeeoeereea eae Geoeeeeseeoeaeeeoeoeoesoeae eevee eev eee see eeeeeeeeed 
Slants SSCS SSSSHSSHSSSESSSSESSFSSsSSeseoeseseeseeoseeveseeoeeoeseeevnveesesd 
TUDES Koes ESP esac eres cee SSK bed cKO b SEE DEKEC COC ORC OREO CS 
Bulk (liters) COSTCO REOHS OSH EHOHESEEEHOOHET ESOS OHO OE OOOO EOO®E 

TOTAL LITERS cocccccccccccccce 


Average animal room census per MOnth eecccercccccccccssccecsccscce 
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388 
1,10h 
1,057 

230 

112 


2,790 
210 
511 
320 
18) 


3,159 
896 

2 35h 
14S 

132 sub 


55,973 
66,465 
156,950 
5,841.19 
7,981.7 


765 


DIAGNOSTIC AND SANITATION BACTERIOLOGY 


Routine work in this section included 67,951 procedures, New routine procedures 
introduced in 1952 included use of a blood-sodium azide-crystal violet transport medium 
for throat cultures, bioassay of thiamine using Lactobacillus fermentum, serologic typ- 
ing of streptococci, and a modified Bondi disc method for rapid assessment of sensitivity 
of bacteria to antibiotics. Observations of unusual interest included the isolation of 
a motile streptococcus from spinal fluid, isolation of C. neoformans from a case of 
meningitis, and the demonstration of Bact. anitratum in three cases of meningitis. 
Special studied included observations on chancroid, non-specific urethritis, dermatophy- 
tosis, staphylococci, streptococci, and sanitation bacteriology. 


CULTURAL STUDIES ON HEMOPHILUS DUCREYI: A high incidence of chancroid in the Tokyo 
area and the Lack of any generally accepted technique for cultural demonstration of the 
causative agent dictated continued study of H. ducreyi. Diagnostic criteria comprise 
demonstration of i gram-negative rods in direct smears and cultures from 
ulcers or buboes (1), Evaluation of direct smears from lesions is uncertain, due to 
the presence of non-specific gram-negative bacilli, and such smears in our hands have 
been wholly unsatisfactory. Media recommended for (3 lation of the ef anism have in- 
cluded pleat apart blood (2 » blood agar plates (3), whole blood » defibrinated 
rabbit blood » and pancreatic casein digest agar. Excellent results in propagating 
both stock strains and morphologically typical organisms in cultures from lesions have 
been obtained in this laboratory by use of 50% tryptose phosphate-rabbit serum broth. 
This simple medium compared favorably with clotted rabbit blood in promoting formation 
of the characteristic parallel ge 61 ("railroad-tracks") of gram negative strepto- 
bacilli pathognomic of H. Se e Substitution of pooled Seitz-filtered human 
serum from serologic laboratory discards for expensive rabbit serum, resulted in a 
practical substrate which is available to any routine clinical laboratory. 


The proportion of positive cultures observed is represented in Figure 1. No spec- 
ific explanation for the changes in rate of positive cultures has been found, but it 
may be associated with a drop in incidence of this infection in the Tokyo area. 


Use of Inhibiting Agents in Culture Media - Two strains of H. ducreyi from 
clotted rabbit blood cultures were isolated by subculture to blood agar plates contain- 
ing sub-inhibitory amounts (0.05 mcg. per ml.) of chloramphenicol (7), after 150 addi- 
tional cultures had been subcultured on such solid media with negative results other 
inhibiting agents were tried. Assuming that failure of the organism to grow on solid 
media may be due to the inhibiting action of concommitant flora, suppression of this 
growth might permit H. suereys colonies to appear. Crystal violet was tried in varying 
dilutions; it inhibited stock strains and fresh cultures of H. ducreyi at levels above 
0.01%, while at this level concommitant flora survived. Next, a new Japanese anti- 
biotic, "Luteomycin" (produced by strains of Strentomyces) was tested. It permitted 
growth of stock strains of H. ducreyi in concentrations up to 50 mcg per ml. This 
amount of "Luteomycin" inhibited the growth of concommitant flora from chancroid les- 
ions. In view of this encouraging finding, 9h morphologically typical positive serum- 
broth cultures were plated on blood agar containing hO mcg/ml and 60 mcg/ml of "Luteo- 
mycin" and incubated in the presence of 3% COo. The concentrations of blood in the 
medium were varied from 7.5% to 25%, and the agar base was enriched with fresh yeast 
extract. No isolates of H. ea Ee were recovered, although gram-positive concommitant 
flora was inhibited. Parallel tests with venicillin and chloramphenicol in suitable 
concentrations in the agar bases described were similarly unsuccessful, 


When chloramphenicol, penicillin, and "Luteomycin" were each added to serum-broth 
medium in concentrations tolerated by stock strains of H. ducreyi, a marked reduction 
in the gram-positive flora observed in routine cultures was achieved, while H. ducreyi 
survived unaltered. At the time of reporting the organismshas not yet been Iso 
in pure culture from these preparations, However, its recognition is greatly facil- 
itated by reduction of extraneous growth, and to this extent, the technique has been 
a success, 
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Perpetuation of Strains of H. ducreyi in Mixed Culture by Serial Transfer - 
The typical morphology of H. ducreyi in mixed culture (7) is Pelativels transient, and 
no report of its maintenance Ta-serial cultures has been found. During experiments 
with antibiotics in broth cultures, it was found that tynical strains could be prop- 
agated for at least 2 months by serial transfer at 48-hour intervals in serum-broth,. 

A series of 20 cultures have been thus maintained and are now in their 3ljth subculture. 
After one or two transfers in serum broth containing penicillin, strains could be per- 
petuated in serum broth alone. Chain formation was regularly demonstrable in these 
cultures at 18-2) hours. When such chaining began to decrease on transfer, passage 
through penicillin-serum broth enhanced the chain development. It was assumed that 
such acclimation would permit establishment of growth on solid medium, but subcultures 
have thus far failed to yield isolates. Such failures may be due either to bacterial 
antagonism or to a symbiotic relationship with organisms in the mixed flora, Further 
enrichment of the broth cultures appeared only to enhance the amount of contaminating 
growth. Decreased agar content, and the use of surface-active agents in agar in both 
cases increased the spreading tendency of the contaminants present. 


Comparison of Cultures from Cleansed and Uncleansed Lesions - It has been 
suggested that cleansing the chancroid ulcer prior to culture enhances recovery of 
the causative agent. A comparative study of this factor was undertaken on 20 cases, 
over an 8 month period. Cultures were taken with'a dry swab from the gently dried 
lesion, after which the ulcer was gently but thoroughly scrubbed with a saline-soaked 
sterile sponge, rinsed well, and dried with sterile gauze. A second culture from the 
clean surface was then taken. All cultures were examined microscopically at 2h, 8, 
72, and 96 hours. Comparative results are summarized in Table II. 


Table II. Comparison of 20 Cultures of Cleansed vs Uncleansed 
Chancroidal Lesions 


Incubation Total Positive Positive Positive 
Time Positives Cc, U U Only C Only Negative 
2 hours 39 17 18 h - 
48 hours 98 49 Te) 9 203 
72 hours 22 1h 6 2 ug 
96 hours ps . “ 1 ra 8 
160 80 (50%) 65 (90.6%) 15 (9.h%) 260 
C, U = positive on both cleansed and uncleansed lesions 
U = positive on uncleansed lesions only 
C = positive on cleansed lesions only 
* = Organism resembling H. ducreyi seen in culture 


Cf 160 positive broth cultures, 80 were positive both before and after cleansing 
the lesions, 65 only before the lesions were cleansed, and 15 only after cleansing the 
lesions, It was apparent that cleansing the chaneroid lesion prior to initial broth 
culture reduced the effectiveness of the culture. At least 8 hours incubation was 
usually required to demonstrate a positive or conform a negative culture in either 
case. Contaminating flora was comparable in both types of preparations. Positive 
H. ducreyi cultures were invariably accompanied by gram-positive cocci. The wm- 
Cleansed preparations frequently showed gram-negative organisms morphologically dis- 
similar to H. oucr ey The amount of growth of these organisms was significantly 
less from cleansed lesions than from uncleansed lesions after 8 hours of incubation. 


Of 160 positive cultures 145 (91%) were demonstrated by culture of uncleansed 
lesions, Although an additional 9% were subsequently recovered by culture of the 
cleansed lesion, it is probable that had a second culture of the uncleansed lesion 
been made, the total recovery rate would have been as high. It was concluded that 
culture of the uncleansed lesion in 50% serum-tryptose broth constitutes at present 
the optimal technique for presumptive demonstration of H. ducreyi. 


~ 5 « 


BACTERIAL FLORA OF NON-SPECIFIC URETHRITIS: A continued increase in the incidence 
of non-specific urethritis (i.e. urethritis not ascribable to demonstrable gonococcal 
infection) among troops in Japan occasioned more intensive study during 1952. Available 
references emphasized chiefly clinical manifestations, and few systematic bacteriologic 
studies of this aggre have been reported. Hypothetical causative agents wets in- 
cluded viruses ( im pleuropneumonia-like organisms 9]. and mechanical causes e 


Specimens of urethral exudate were collected by swab and inoculated directly to 
blood agar and chocolate agar plates which were incubated aerobically and under 3% C09 


atmosphere in a candle jar. Serum-broth tubes were inoculated in a series of 50 cases 
for supplemental study of enrichment broth cultures. In cases in which gonococci were 
not recovered, the predominant aerobic flora was determined, and such cases were in- 
cluded in the non-specific urethritis group. With few exceptions, these patients had 
already been diagnosed as negative for gonorrhea. 


The predominant strains of bacteria observed in 573 cases have been summarized on 
a monthly basis to demonstrate the consistent pattern of incidence of predominant or- 
. ganisms, Table III shows the distribution of the predominant species, 


Table III. Predominant Organisms, Non-specific Urethritis, 1952 


eke a Oe es ahs Ue ey 

Streptococeus, alpha-hemolytic k 7 65° 2° 12.3 4 O° Ch 6 7 7? 
Strepcococcus, beta-hemolytic 3 7 8 10 0100 9 8 7 hh 
Streptococcus, non-hemolytic Sree ee Oe A aa i Ue 43 
Staphylococcus, H4/S/mM/c 200 Bes OR A ee ee eg a ale 39 
a ococcus, H/S/mM/C- Oo Sis ar Be a ee. Sh eee ST eh 131 
Sta ococcus, H/S/M-C- 19 Tome eee ee SG ae oe ea a 203 
Staneelococeus ococcus, H-S/M/C- SO oO Ot Oe Oh Oro ne h 
Stanketccaseas ococcus, H-S/M-C- eee: scooter OR ieee amici RNR: We ahr aa exit» 26 
Staphylococcus, H-S-M-C- Lo ere er Ogee Be Oe ee re 5 
Hemo Ertus int luenzae Ri SE a oe ee Qa ee EF Bio 17 
Colitorms® ao OG OOO Woe Oe ook a as 16 
Proteus spp. ic gaa’ Sati * orale cPilien © IRN 9 SRE haat Rea» Cece: ena 2 
Corynebacterium pyogenes bs amc laine “oes «See = alvin» chun Meee WAGE 3 Maidaes Sediecee> Si age 19 
Corynebacterium xerosis ee ee ere ee Be Bi ae a ee 29 
Corynebacterium diphtheriae Se! eee eg meee oa. Goa 8 1 
Corynebacterium not Taannt eas, abdiad <A 4 We Ohh & Rn: Aiea con © sd ® cima VS « Anil. 25 
Corynebacterium Spp. GARE abil < WSUS agate MARA: BRAS wy a 7 RE = oe: Mae een h 
Candida albicans RW “att” Ok” aii AMA 9 AMES 2 oe OR © aaa @ sagas «RAMS © alee S| iY 
No organism Lsolated Ba ae ee Ges mers a ae | ye ee 
Total Th 65: Oh 23°" TU 86" 31 ba 67-132 Wee 676 


* Includes Escherichia, Aerobacter, Alkaligenes, and Paracolon 


An obvious feature of this tabulation is the predominance of two groups of staphy- 
lococeci, Both varieties were hemolytic, salt-resistant, and coagulase-negative, but 
the strains varied in their ability to ferment mannitol. A total of 23h cases yielded 
strains of these two patterns. Two hundred one, or 61% of these strains were resist- 
ant to 1 unit of penicillin in an absorbent disc on a blood agar plate. 


It is premature to imply that the staphylococci described bear a causal relation- 
ship to non-specific urethritis, However, clinicians treating these patients came to _ 
regard the finding as significant and consistent with the clinical state of the patient. 
Further study of these strains is to be carried on. 


No previous mention of H. influenzae in urethral exudates has been reported. Al- 


though the number of cases is not large, this organism is definitely exotic in this 
environment, and calls for further investigation. 
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Corynebacterium strains of 5 species totalled 78 strains. These were sought with 
particular emphasis in view of references in the literature to a possible etiologic re-_ 
lationship. The minute hemolytic strains, classed as C. pyogenes, were difficult to 
recognize. Oe | 


The absence of Enterobacteriaceae indicated the limited range of the flora in non- 
specific urethritis In Japan. The uniform distribution of beta, alpha, and non-hemolytic 
streptococci rendered their presence of less potential significance, although the total 
of 13) strains made them the second largest generic group of organisms observed, 


CULTURAL PATTERNS AND ANTIBIOTIC SENSITIVITY OF STAPHYLOCOCCI: Four reactions which 
are customarily associated with evaluation of pathogenicity of staphylococci are hemoly- 
sis, salt tolerance (7.5% NaCl in agar), mannite fermentation and coagulase formation. 
During 1952 these factors were observed on a series of 858 strains obtained from cultures 
of human urine, spinal fluid, pus, eye, ear, nose, throat, urethra, cervix, and blood. 
Wide variations in these cultural characteristics has often been described as represent- 
ing random distribution. However, a very limited range of reaction patterns anpeared 
in these cultures (Table IV). 


Table IV. Reaction Pattern of 858 Strains of Staphylococci Isolated During 1952 


Cultural Pattern No. of Strains % of Total 
uf, vy tg cf (1) 286 33.3% 
He, 54. MS, C~ 223 25.9% 
ef i, 6 263 30.62 

H > S-, M-, C- 4 0.4 
H-, Sf, M-, C- 52 6.06% 
H-, Sf, M4, C# 16 1.&% 
H-, Sf, M/, C- 10 1.1% 
H-, S-,; M-, C- he 0.16% 


(1) Hf = Hemolytic S/ = Salt-resistant M/ = Mannite fermented 
Cé = Coagulase formed H- = Non-hemolytic S- = Salt sen- 
sitive 
M- = Mannite not fermented C- = Coagulase not formed 


* One strain toxigenic 


Of the 16 possible reaction combinations, only 8 were found, and 89.8 of all 
strains fell in three reaction vatterns. All were hemolytic and salt resistant, but 
varied in coagulase and mannite fermentation. Inability to split mannite was shown to 
be correlated with absence of coagulase formation; none of 323 mannite-negative strains 
was coagulase-positive. Therefore, the coagulase reaction need be performed only on 
mannite-positive strains. No significant seasonal variation in distribution of strains 
with regard to reaction vatterns was noted. 


A striking instance of toxin formation in a strain which was inactive in vitro was 
found during investigation of an outbreak of food poisoning. The strain was H-, S-, 
M-, C-, but produced an active persistent enterotoxin. This is, in all probability, 
very uncommon. It emphasizes the lack of final validity in biochemical vatterns of 
staphylococci and the necessity for animal test of all suspected enterotoxic strains, 


Correlation of sensitivity to penicillin, aureomycin, terramycin, and strentomycin 
of 145 strains of staphylococci was studied. Sterile absorbent discs (Whatman #2 fil- 
ter paper) 12 mm. in diameter were placed on seeded blood agar plates and moistened 
with 0.03 ml. of antibiotic solution from a tuberculin syringe. These antibiotic 
solutions were adjusted to contain 1 unit of venicillin, 2.5 mcg. of aureomycin, 2.5 


meg. of terramycin, or 12.5 mcg. of strentomycin, respectively, per each 0.03 ml. 


A growth-free inhibition zone was interpreted as indicating sensitivity; absence of an 
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inhibition zone indicated resistance to the pertinent antibiotic. Distribution of 
sensitivity of 1,5 strains is summarized in Table V. Strains are presented with ref- 
erence to penicillin sensitivity as the primary criterion. 


Table V. Sensitivity of 145 Strains of Staphylococci to Penicillin, 
Aureomycin, Terramycin, and Streptomycin 


Sensitive to Penicillin Resistant to Penicillin 
Antibiotic+ Antibiotic* 
Pen. Aureo. Ter. Strept. No. Pen. Aureo. Ter. Strept. No. 
lu. 2.5 mg 2.5 mcg 12.5 mcg Strains lu. 2.5 mcg 2.5 mcg 12.5 mcg Strains 
Ss s s s hh R s S Ss 41 
S R R S 8 R R R S 11 
s § S R 3 R s 2 R 8 
s S R R 2 R S R R 3 
S § R § uf R R s R 2 
Ss R S $ i R s R S 1 
$ R S R 0 R R s S 1 
S R R R 0 R R R R 19 
Total 59 Total 86 


*S: Sensitive; R: resistant 


In terms of comparative sensitivity, 4h, or 74.5%, of the venicillin-sensitive 
strains were also sensitive tc the other three antibiotics. Conversely, of the pen- 
icillin-resistant strains, 19, or 22%, were resistant to all other antibiotics in 
the concentrations employed. With due regard for the obvious fact that these re- 
lationships are based on empirically selected concentrations of antibiotic, it appears 
that in 75% of the cases, a strain sensitive to penicillin would be sensitive to all 
other antibiotics. In the case of penicillin-resistant strains, hl, or 17.6%, were 
sensitive to all other antibiotics. The single antibiotic most likely to be effect- 
ive against these was streptomycin, which inhibited 62.7% of the strains. It is of 
significance that while 22% of penicillin-resistant strains were also resistant to 
all other antibiotics tested, there were no instances of a penicillin-sensitive 
strain being resistant to all of these antibiotics. The nature of this difference 
is not within the scope of this study, although several explanations involving fun- 
wspern a biological mechanisms have been proposed by Bondi (12), Barber (13), and 
Eagle 1h), 


Considering the group tested as a whole, 68.9% of strains were sensitive to 
terramycin, 71.0% to aureomycin, and 7.5% to streptomycin. 


The relationship of cultural pattern to antibiotic sensitivity was studied. 
The 19 strains resistant to all antibiotics and the 4 strains sensitive to all 
were comoared by reactions, Table VI shows the lack of general correlation between 
reaction and sensitivity. Among the antibiotic-sensitive strains the mannite-positive, 
coagulase-negative pattern is the least likely of the major reaction patterns to 
occur. 


FUNGI IN CULTURES OF DERMATOPHYTOSES FROM AMERICANS IN JAPAN: The predominant 
fungus infections studied in this laboratory have been dermatonhytoses. The distri- 
bution of dermatophytes and the relative incidence of these species and of common 
contaminants is of epidemiologic interest. Table VII gives the predominant patho- 
genic species and sources encountered during 1952. 


In addition to the 21h strains listed as pathogens, 169 strains of common con- 
taminants were identified from skin sources, including 23 strains of Aspergillus, 
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Table VI. Reaction Patterns of Staphylococci Resistant to and Sensitive 
to Antibiotics 


Behavior to % of all Resistant 
Reaction Pattern Antibiotics No. of Strains Strains 
Hf, SA, Mf, Cf Resistant 9 47 ue 
» SA, MA, Ce Resistant 6 31.6% 
H/, Sf, M-, C- Resistant iF 21.0% 
% of all Sensitive 
Strains 
H/, Sf, MA, CA Sensitive 18 0.9% 
H4, Sf, MA, C- Sensitive 2 4.5% 
Hf, Sf, M-, C- Sensitive 15 34.1% 
Hf, S-, M-, C- Sensitive 1 2.3% 
H-, Sf, M-, Ceo Sensitive 8 18.2% 


Table VII. Pathogenic Fungi Recovered During 1952 


Scalp, Axilla Inguinal Source 
Source face, neck and hand and foot Other Unknown Total 
C. albicans k 13 76 16 22 131 
Tricho 0 1 3h 12 0 7 
3 1 19 1 0 2h 
Trichophyton 0 0 1 h 0 5 
sulfureum 
Tricho on 0 0 0 1 0 1 
eige 
Microsporum 1 3 0 ) 0 hk 
eum 
Epidermo on 0 0 2 0 0 2 
occosum 
Total 8 18 132 3h 22 214 


5 of Penicillium, and ];7 of Candida (stellatoidea and kruzei). The remaining 5) 
strains were distributed among 19 genera of Common saprophytes. 


A marked increase in the number of isolations of Candida albicans during the last 
6 months of 1952 occurred (Table VIII). No explanation for this peculiar epidemiologic 
phenomenon has been found. The majority of cases occurred among troops billeted in a 
3,000 bed dormitory, and ample opportwmity for spread of infection was present. 


A problem in species differentiation arose during the year with regard to Tricho- 
payton rubrum and T. meee! Infections with these two species vary markedly 
nm Severity, and accurate iden cation of strains is of value yi prognosis and treat- 
ment (15), Although the classic descriptions of these species (16) imply that no dif- 
ficulties are inherent in their recognition, the strains recovered here included an 
intermediate group that presented a source of confusion. T. ments graphytes customarily 
forms a white powdery colony with abundant formation of microconidia. In addition, 


structures including coils, nodular bodies, and macroconidia (fuseaux) are frequently 
present. Pigment is formed slowly to present a light buff to rose-tan color, and is 


much less intense and less widely diffused than that formed by T. rubrum, Cultures 


{ 
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Table VIII. Incidence of Candida albicans Isolated in 1952 
Candida albicans 


January-March 2 
April-June ll 
July-September 60 
October-December 57 


of I. rubrum are cottony due to the abundant mycelia; microconidia are scarce, and 
coils, nodular bodies and macroconidia are rare. Pigment formation is intense and 
the red-purple pigment frequently diffuses into the marginal hyphae. 


An intermediate form, occurring in patients in Tokyo, has been recognized, Mod- 
erate amounts of microconidia may be formed, and a delayed but ultimately intense pig- 
ment is formed, Since neither of these characteristics is stable, it is important that 
identification be accomplished on the initial isolate when possible. The relationship 
of the cultural patterns observed is shown in Table IX. 


Table IX. Differentiating Criteria of Predominating Trichophyton f£pp., 


Tokyo, 1952 
Nodular Bodies, Macro- 
Microconidia conidia, Coils, etc. Pigment 
T. mentagraphytes thf tf f 
Intermediate form -# Z if 
T. rubrum f rs Lhte 


STREPTOCOCCAL PHARYNGITIS AND THE STREPTOCOCCI OF POWDERED MILK: In March 1952, 
there occurred an explosive outbreak of 163 cases of streptococcal pharyngitis, on the 
USS Breckenridge, a military transport. Twenty-six strains of hemolytic streptococci 
were recovered from 6 patients, Mass penicillin treatment arrested the outbreak 
promptly. Cans of powdered milk from shipboard stocks were submitted for culture in 
an attempt to locate the source of the outbreak. Eleven of 12 previously unopened 
cans yielded beta hemolytic streptococci. It was assumed that these represented the 
probable source of the infection. Serologic classification was not immediately avail- 
able, and differentiation of the milk and throat strains by biochemical reactions was 
attempted. A simple and generally applicable classification technique was applied, 
based on the pattern described by Sherman (17), Comoarative results of reactions are 
summarized in Table X. Serologic grouping results are appended, although differen- 
tiation of the significant groups did not require this data. 


Strains of a single group of streptococci frequently show diverse fermentative 
patterns (18), the throat strains were readily differentiated from milk powder strains, 
since the latter tolerated 6.5% NaCl and 0% bile, survived 60°C. for 30 minutes, and 
fermented sorbitol and mannitol. These strains belonged to group D. Those throat 
strains which were group A were negative in each of these tests. Of 2 group C strains, 
one grew in 0.1% methylene blue, while the other did not. Group G strains gave more 
diverse reactions than those of group A; however, they could with 3 exceptions be dif- 
ferentiated from group D strains by their failure to ferment sorbitol and by sensitiv- 
ity to heat. The streptococci from milk powder were relatively homogeneous in biochem- 
ical reactions; their bile tolerance, heat resistance, and fermentation of sorbitol 
were key criteria in differentiating them from human strains of groups A and G. 


The potential error of confusing the group D streptococci frequently present in 
powdered milk with human pathogens should be avoided. The cultural reactions pointed 
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Table X. Reactions of Human and Milk Strains of Streptococci Recovered 
in Shipboard Cutbreak of Pharyngitis 


No. of Strains 


No. of Strains: Throat Milk Powder 
Reaction /T~ 
Growth in 0.1% ~ £ f  - ~ f f he r4 

Meth. Blue 
Milk Coagulated ~ ~ - £ - Z - pace Ff 
Milk Digested - ~ - - - - - = Zé a 
Growth in 6,5% NaCl = - - - - “ re rs Y send 4 
Growth in 0% Bile, - - - - - # Zf p Raney Z 
Gelatin liquef. - ~ - ~ - - ~ or f 
Survival 60°. - - - - - £ ~ eo Z 
30 min. 
Final pH in Glucose 5.12- 5.8 .8- h.8- he75 hel 4h.9 4.13 h.ld 4.15 
6.7 5692 5,02 
Sorbitol | - ~ - ~ - # os Pee f 
Trehalose a gat POOd we eed aaa ee eae 
Glycerol ~ - - - - 4 - = é P 
Mannitol = - - - - f - teste! | F 
Lactose ee ee ee MARar ic 
sucrose OE eT tee ee Tao saan 
Salicin ea te ee ge ie 
Arabinose - - = ~ - - - f rs 
Imlin Z - 4 = =~ = - = ~ - 
Raffinose - rs - - - - .. - < me 
Z 

Starch y ~ i - - - # f a 
Lancefield Group A C G G G G D D D 


# = variable; predominantly vositive 


j = variable; predominantly negative 


out furnish a simple means of accomplishing this distinction. The significance of the 
group G streptococci in this outbreak is not known, but such "higher" types may at 
times be incriminated in humen infections. 


WATER AND DAIRY BACTERIOLOGY IN JAPAN: A large vart of the routine work of the 
Bacteriology Department consists of the examination of water, ice, and dairy products. 
The average annual pollution rate of water and milk gives a basis for evaluating the 
value of plate counts. 


The correlation between plate count and coliform content of water supplies may 
be of significance although it is not widely employed in the United States. From the 
operational standpoint, circumstances may occur in which completed coliform tests 
would nct be feasible although total plate counts could be carried out. The relation- 
ship of these two values was studied on a statistically significant number of samples, 
and is summarized in Table XI. 


fa ee 


Table XI. Coliform Content and 8 Hour Plate Count on Finished and 
Raw Waters in the Tokyo Area, 1952 


No. Coliform Test Plate Count 

Water Sample Samples Positive % of Total Over 200/ml. % of Total 
Chlorinated: 

Drinking tap 17,952 278 1.6 938 See 

Filter Plant 701 L 0.6 h 0.6 

Reservoir 322 h 4,2 9.3 

Ice 509 58 11.4 28 5.5 

Well i ir ales 9 Let 21 3.0 

Swimming Pcol 364 28 Tet 92 25.2 
Unchlorinated: 

Filter Supply 76 16 100.0 10 13.1 

Lake and Beach 52 33 63.4 20 38.4 

Stream 12 2 16.6 2 16.6 


Coliform content and plate count showed a variable correlation in samples from 
different sources. For tap water the number of positive (over 200 per ml.) plate 
counts was 3 times that of vositive coliform tests, orobably due to growth during 
transport of un-iced specimens, However, the percentage relationship justifies plate 
count as a usable emergency technique fcr evaluation of water supplies. Manufac- 
tured ice offers less possibility for proliferation of crganisms during storage and 
transport, and showed positive plate counts in half the total of positive coliform 
tests, Swimming pool water is inevitably contaminated with saprophytic flora which 
result in a proportionately high count. During 1952 an extensive study of ice 
supoly in the Far East was carried out. This was occasioned by complaints that the 
ice supplied to Korea from Japan was non-potable. Careful bacteriologic examination 
indicated that most of the contamination of ice occurred in handling the finished 
product rather than its having been prepared from polluted water. 


Unchlorinated samples showed fewer positive plate counts than coliform positives. 
Lake and ground water were highly contaminated and correlation of plate and coliform 
count was not evident. 


Dairy products yielded coliform bacteria in an annual average of 15.3% of sam- 
ples. Ice cream was the most serious offender, averaging 21.l% positive samples. 
Since all these products are prepared from dehydrated powders, which yield few 
coliform bacteria when cultured, the source of coliforms lies in the processing and 
handling of the products. The relationships of coliform content and plate count level 
in dairy products is shown in Table XII. 


Table XII. Coliform Content and Standard Plate Count of Dairy Products 


Coliform Average Plate Count 

Coliform Coliform 

Sample Number Positive % of Total Positive Negative 
Milk, plain 489 69 Uh.1 2800 21,0 
Milk, chocolate 299 hh tT 3800 1900 
Buttermilk 232 13 ° 50 Ke) 
Cream 88 13 ik.7 1100 170 
Ice Cream 579 12h 21.h 2775 525 


A positive correlation between coliform content and high average plate count was 
observed. Total count was ll-fold higher in coliform-positive milk than in coliform- 
free milk. The same ratio was 6-fold for cream, and 5-fold for ice cream. Coliform- 
free chocolate milk had an average plate count of half that noted in the coliform- 
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positive samples. Buttermilk, due to ecid pH, is low in total count and in coliforms. 
A plate count could furnish an adequate presumptive screening for milk if necessary. 


CLCSTRIDIAL STUDIES: During 1952, studies have included continuing observations 
on Clostridial flora in infected wounds under treatment in Japan, the bacterial flora 
of amputated extremities, a detailed study of the recently wounded (in collaboration 
with the Surgical Research Team) and new or improved technical procedures for isolat- 
ion and identification of anaerobes, 


Anaerobic Studies of Patients Evacuated to Ja - During 1950 and 1951, new 
techniques for isolation and identification, and Aetermination of species incidence of 
Clostridia in wounds and amputation specimens were reported (7), These cultures were 
taken 5 or more days after injury, and on amputation the specimens were usually obtained 
at an average of 2 weeks after wounding. Generalized gas gangrene has been rare in the 
Korean War, but the possibility that Clostridia interfere with healing and contribute 
to shock has been considered, (18) 


Clostridia in Auputated Extremities - In collaboration with the Pathology De- 
partment, cultures were made on extremities amputated after evacuation to Japan, be- 
ginning in September, 1952. Tissue blocks were collected from the site of amputation 
and at various intervals distally to determine the distribution of Clostridia in devi- 
talized and non-devitalized tissues. Cross-contamination of specimens was avoided by 
using fresh sterile instruments and by sterilizing skin surfaces for each tissue sam- 
ple. The aerobic flora was determined in most cases. Amputated extremities from 1 
patients (109 specimens with 2 or more tissue blocks from 35 extremities) were cul- 
tured. One hundred and nine strains, comprising 16 species of Clostridia, were recov- 
ered from 33 (80.5%) of the extremities and from 67 (61.5%) of the specimens. The 
average number of strains per amputated extremity was 2.66, and if only cases yielding 
Clostridia are considered, was 3.33 strains per case. An average of one strain per 
specimen was recovered. Forty-four percent of the extremities and 16.5% of all spec- 
imens cultured yielded Cl. perfringens. A similar series of specimens observed in 1951 
yielded 13.9% of Cl. perfringens. 


Clostridia in Wounds First Cultured After Evacuation to Ja - The flora of 
73 infected saF wounds [Oi Soscimans) was observed In order to Conssee this with the 
flora recovered from amputated extremities. Clostridia were recovered from 56 spec- 
imens (67.4%). In all, there were 90 strains recovered comorising 19 species, Cl. ver- 
fringens was found in 18.8% of wounds harboring anaerobes. This is in contrast to 1951, 
when L°% of the patients showed Cl. perfringens. A comparison of the total Clostridial 
flora in wounds and in amputation specimens 18 shown in Table XIIT. 


Table XIII. Clostridia Recovered From Wounds and From Amputation 


Specimens 
War Amputation 
Wounds 4% Specimens % Total g 
Cases 73 kl 11, 
Clostridia present L6é 63.0 33 80.5 79 69,2 
Total specimens 83 109 192 
Total specimens S60 67.4 67 61.5 123 64.0 
positive for Clos- 
tridia 
Total Strains re- 90 109 199 
covered 
Total species 19 16 22 
Ave. No. Strains per 1.9 363 265 
positive case 
Ave. No. Strains per 36 1.0 1.03 


positive specimen 


+ bw 


The preparation of cases harboring Clostridia was similar for wounds and for am- 
putations. The average number of strains recovered was higher for amputated extrem- 
ities than in soft tissue wounds. Conversely, the number of strains per specimen was 
higher in the wound than in the amputation. The similarities between the two types 
of cases are closer than had been found in previous comnarable observations. The 
Species recovered from the two sources are presented in Table XIV. Cl. sporogenes, 
Cl. novyi, and Cl. paraputrificum showed the princinal variation in Species incfdence 
between wound and ante while Cl. paraputrificum was found only in the soft 
tissue wounds, In contrast to findings ie 1551 (7), when Cl. perfringens was present 
3 times as often in wound cultures as in amputated extremities, Cl. verfringens oc- 
curred with almost equal frequency in both during the studies in 1952. ‘The majority 
of strains present were of species non-toxic for guinea pigs. It is possible that 
such strains cause tissue damage, toxic effects, and retardation of healing in humans. 


Five species, including verfringens and no in the toxigenic group, and sporog- 
enes, multifermentans, and bi fermentans among the so-called non-pathogens, accounted 
for 81.6% of the amputation strains but only 60% of the strains from wounds. Twelve 
of the 22 species recovered occurred in both series; 3 were found only in amputation 
specimens, while 7 occurred only in tissue specimens. An interesting observation was 
the recovery of 22 strains of Cl. multifermentans since its occurrence in wounds has 
been considered unlikely (20). Two other unusual observations were the isolation of 
Cl. feseri and Cl. pasteurianum. It is believed this is the first report of Cl. pas- 
teurianum in human tissue. Cl. feseri was first isolated in humans in 1951 at this 


oratory. 
Table XIV. Species of Clostridia Recovered from Wound Cultures and Amputation 
Specimens 
% of ¢ of 
Total Cultures from Total 
Cultures from Positive Amputation Pos. Grand 

Species Wounds Patients Specimens Cases Total @% Pos, 
sporogenes 19 21.1 38 3he8. 57 28.6 
perfringens 17 18.8 18 16.5 35 17.6 
mu ermentans _ 8 8.8 14 12.8 22 17,0 
bifermentans 7 77 10 9.1 Big 8.6 
nowy utrescens h Lol ~h 3.6 8 i 
cochlearium h Lek 3 2.6 7 3.5 
re) cum 3 t59 2 1.8 5 2.5 
carnis y lel 2 1.8 3 1.5 
aerofoetidum 1 1.1 2 128 3 1.5 
feseri 0 1 0.9 1 0.5 
etani 0 2 0.9 ‘| 0.5 
ep ge 0 1 0.9 1 0.5 
ertiun 3 303 1 0.9 k 2.0 
tetanomorphum sj p Be 1 0.9 2 1.0 
sorde ey | 1 14 2 1.8 3 ae 

septicum 3 33 8) 3 16 
aputrificum 8 8.8 0 8 Fee | 
Frit cone " 2 ia 0 2 1.0 
Sphenoides 2 262 0 2 1.0 
butyricum 1 Lion 0 a 0.5 
Merricils 2 pe ) 2 0.5 
Unidentified 1 Lek @) 1 0.5 

Total 90 109 199 


mh 


It will be noted that only one strain in Table XIV is listed as "unidentified". 

i This is in spare ssntrast wes earlier reports, where the unidentified strains were 
as high as 35% (21) 22), (23), our success in anaerobic identification is due 
principally to elimination of anaerobic streptococci from cultures, the techniques 
for which are described later in this section. These organisms frequently confuse 
the biochemical reaction pattern, thus preventing recognition of a Clostridium strain. 


The overall picture of Clostridia in infected wounds and amputations does not in- 
dicate completely the ecologic relationships observed in multiple samplings from ampnu- 
tated extremities. These relationships are presented in Table XV. The amputations 
followed leg wounds with extensive tissue damage, frequently with comoound comminuted 
fractures, There was no consistent pattern for the topical distribution of Clostridia. 
In two instances tissue at the line of ammutation harbored Clostridia while none were 
recovered distally. In two other cases Clostridia were demonstrated only distal to 
the amputation site. fix cases yielded Clostridia both distal to and at the amputation 
site. 


Table XV. Distribution of Clostridia and Aerobic Flora Recovered from Amputated 


Extremeties 
Aerobic Flora 

Case Clostridia of All 
No. Specimen Tissue in Each Specimen Specimens 
; 1 a Leg: amputation site Cl. perfringens; Cl. tetani beta strep. 
: Cl. cochlearium Strep. H- 
i b Leg: distal to amputa- Negative es Staph Hf 
q tion Staph H-{ Pro- 
c Foot: muscle from Negative teus sp. 
: plantar area Bacillus,  syp 
me | 
‘ 2 a Leg: amputation site Negative beta strep. 
{ b Leg: muscle distal to Cl. lentoputrescens Strep. H.- 
M amputation Cl. cochlearium Corynebacterium 
ai Ree ie on “Sp; Bacillus sn. 
A Proteus sp. 
4 ne 
a 3 a * Leg: amputation site Cl. sporogenes; Cl. bi- beta stren. 
i fermentans; aaa fs Cor- 
i b Leg: deep muscle near Cl. novyis-Cl. sporogenes yne weer = SPe 
| amputation site 225 ee ee Lactobacillus sp. 
r c Leg: deep muscle, be- Cl. bifermentans; Cl. spor- Proteus sp. 
4 tween amp. site & foot  ogenes ae Bacilius sn. 
i d Foot (muscle) Cl. sporogenes; Cl. bifermen-S2reina lutea 
i oe —~-——_ tan . 
at 4 a Leg: amputation site Cl. sporogenes Bacillus sp. 
; — beta. strep. 
i] b Leg: posterior muscle, Cl. sporogenes Corynebacter- 
4 amoutation site as ponies ium sp. 
i c Leg: deep muscle near Cl. sporogenes Proteus sp. 
ie amputation site 
a d Leg: exposed muscle 
i near amputation site Negative 
; 5 a Leg: amputation site Cl. perfringens; Cl. ml- deta strep. 
: ia varueneaae: CI. novyii alpha strep. 
it CI. sporogenes Strep. H- 
4 b Leg: muscle distal to Pseudomonas aer- 
iN amputation site Negative nosa 
a 


Bacilius sp. 


Table XY. 


Distribution of Clostridia and Aerobic Flora Recovered from Amoutated 


Extremities Continued 


Aerobic Flora 


Case Clostridia of All 
No. Specimen Tissue in Each Specimen Specimens* 
6 a Leg: amputation site Negative beta strep.; alpha 
b Leg: soleus muscle, strep; Strep. H-; 
distal amp. site Staph. H-; Sarcina 
e Leg: deep muscle near Cl. novyi; Cl. feseri lutea; Bacillus sp. 
7 a Leg: near amputation Cl, sporogenes Bacillus sp. 
site aes 
b Leg: middle portion Cl. sporogenes Corynebacterium sp. 
(muscle) Cl. perfringens Strep. H- 
c Leg: distal portion CI. perfringens 
{muscle} 
8 a Leg: amputation site Cl. novyi; Cl. spor- beta strep. 
~ ogenes; CT. nintEt Strep. H.; Bacillus 
Termentans 5 spp.; Sarcina 
b Foot: deep muscle Cl. sporogenes lutea; Pr. morgani ; 
: Yeast 
9 a Leg: soleus muscle Cl. bifermentans beta strep.; Strep. H-; 
near amp. site oteus mor genet) 
b Leg: gastrocnemius Negative Corynebacterium sp. 
near amp. site Sareine lutea; Bacil- 
c Leg: muscle near Cl. spor ogenes ius Sp. 
amo. Site but, ae 
distal toa &b 
d Leg: muscle distal Cl. sporogenes 
to a and b, and CI. novyi; Cl. ter- 
posterior toc ei Ms oh de ed 
10 a Leg: amputation site Cl. perfringens beta strep. 
disarticulation at multilermentans Strep. H.- 
knee - sporogenes Bacillus sp. 
b Leg: amputation site CI. att erarins 
knee joint 
c Leg: muscle distal Cl. perfringens 
to amputation ete multifermentans 
. Sporogenes 
cI. el esrexntis 


* Hf = hemolytic 
H- = non-hemolytic 


Table XVI shows the frequency of isolation of one or more strains of toxigenic 


and non-toxigenic Clostridia in the same amputated extremity. 


In 15 cases (5%) only 


non-toxigenic species were present, while in 2 cases only toxigenic Clostridia were 


present. 


In the remaining 16 cases, toxigenic and non-toxigenic strains were both 


present, with non-toxigenic strains predominating. 


= the 
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Table XVI. Combinations of Clostridia Occurring in Amputation Specimens 
Number of Cases 


Toxigenic Species 


1 0 1 2 fe) 1 2 2 lL 
Non-toxigenic Species 0 T I 6) 2 2 1 2 2 


Total Observed 1 1 7 


Aerobic Flora of Wounds - War wound infections are always mixed and aerobic 
bacteria play a Significant role in the biology of wounds. From 192 tissue specimens 
studied, 839 strains of aerobes were identified (Table XVII). For convenience, 13 
strains of anaerobic streptococci are included. Most of these ultimately became micro- 
aerophilic. Ten genera of aerobes were distinguished. An average of .3 aerobic 
Strains per specimen were recovered, 


Table XVII. Aerobic Flora of Cultures from Wound and Tissue, 1952 


Total % of Total 
Aercbic Strains Aercbes 
Staphylococcus: 
HAS Amdo fx @eeeseoaeeeeOeeeoeseeseeeoeeeeeeeee eee 5 
H Ss M bax! S@eeereeee eee eCeveseoeeoere eee eee eeese 23 
H/S AM-C- Seoeeeeeeseoeeeeeeoeeeeeeseeeeeteee 10 
H/S-M-C- SPCHSCHHOHCEHFSCeCesrsreseeeeeeeeSeveseee a 
Hemolytic, unclassified ....ccccccccccccee 46 
Non-hemolytic @eeceersreeoeeseeeres eee eseeeee 101 
186 22.2 
Streptococcus 
beta-hemolytic COOH SEHO OEE E CECE ELE EEL EEE®S 92 
alpha-hemolytic COCO CLOTH OOeH OOOOH EH OEOES 26 
non=- emolytic COC COE rere eceeerseseorereeeee 160 
anaerobic, beta-hemolytic secccccccsesccce 6 
anaerobic, alpha-hemolytic eeeeeoseeeeeeeoee 3 
anaerobic, non-hemolytic Coeeeeesececseoces iF 
291 34.6 
Bacillus spp. (& species) 182 21 
Pseudomonas spp. 3% 3.8 
Proteus spp. (3 species) 25 209 
Corynebacterium spp. (5 species) 62 Tol 
Coliform: : 62 Tob 


Aerobacter pk pesopascchinasecae. aa 
Escherichia co CROKE H HEE Ore eee OeELESECE®S 11 
Paracolon Spp. COCR Ooo ES EH EHO HE SHOE E HOES EOS 32 
Kikalizgenes SDe coevevevescseoreesrerscesse 5 


ny 


H- : Non-hemolytic S- : Salt-sensitive M- : Mannite negative 
C- : Coagutase negative 


Hemolytic Sf: Salt-resistant Mf : Mannite fermenting 
Coagulase positive 


as 


Of the potentially pathogenic aerobes the staphylococci and streptococci were 
most significant. Differences between amputation and soft tissue wound specimens 
included an increased ratio of coliform bacilli in the latter and an increased in- 
cidence of Pseudomonas and Proteus in the former. The incidence of anaerobic stren- 
tococci was undoubtedly higher than noted here; techniques of isolating these strains 
were subordinated to the major problem of recovering Clostridia. 


STUDY OF ANAEROBES IN FRESHLY INCURRED WAR WOUNDS: Virtually all literature on 
war wounds has been based on cultures taken one or more days after wounding, 
(23), (24). This laboratory has accumulated data on infected wounds and on extrem- 
ities amputated because of gangrene (7), Evacuation procedures and combat circumstan- 
ces seldom permit a systematic bacteriologic study of wounds within 6 hours of injury. 
During 1952, the static war situation with consequent shortening of the evacuation 
time to the Mobile Army Surgical Hospital level offered a unique opportunity for such 
observations. During August and September, cultures were taken during debridement at 
an average of 14 hours from time of wounding. Only 13 percent of the patients stud- 
ied arrived more than 6 hours post-wounding. All patients received 300,000 or 600,900 
units of procaine penicillin i.m. either on the field or at the battalion aid station. 


Thirty-nine patients were studied. Tissue removed at debridement was cultured 
from 27; 6 had blood culture and culture of tissue. Another 6 had only blood culture. 
Tissue specimens were vlanted vromptly with aseptic precaution in cooked heart medium 
in screw-capped tubes. Foreign bodies, including shell fragments and clothing in 
tissue, were cultured in a similar manner. All cultures were examined in Tokyo. 
Blood cultures were drawn immediately prior to operation, after cleansing the skin 
with merthiolate and alcohol. 


Twenty-nine soil samples were collected near the MLR from dry rice paddies, 
hillsides, bunkers, communication trenches, and comvany areas. Cultures were initia- 
ted in cooked meat medium in the Tokyo laboratory, within 6 weeks after collection. 


Technique for isolation has been described (6, 7), Enrichment (cooked meat) 
broth cultures were transferred to blood agar plates at 2); and 8 hours and at longer 
intervals. Spreading-inhibitors included chloral hydrate, sodium azide, sorbic acid _ 
and alcohol, Subcultures, aerobic control plates, and differentiating procedures 
including motility, indol, nitrate, milk, carbohydrates, and gelatin liquefaction, 
animal pathogenicity and protection tests with specific antiserum were performed. 

The acrolein reaction for presumptive recognition of Cl. nerfringens, and new methods 
for inhibiting contaminating spreading growth were employed extensively and are dis- 
cussed under a senarate heading. 


Nature of Injuries - The study consisted of 21 leg wounds ranging from 
penetrating wounds of so ssue to compound fractures and traumatic amputations, 
11 arm and shoulder wounds, and 8 trunk or head and neck injuries. Causes of wounds 
were as follows: _ 


Artillery eseeeeceseosesoce 6 
Swill? arms fire séesecaiesa 25 
Shell fragments: 
Mortar and grenade ..... 15 
Mines and Trip flares .. 6 
Unspecified @ecerrcerscoce id 


Table XVIII summarizes the number of strains and species recovered from these patients 
in the cases where cause of injury was known, 


Specimens from shell-fragment wounds showed the highest rate (88%) of positive 
Clostridia cultures, Mortar, grenade, and land mine wounds were each positive in 65% 
of the specimens., Small arms wounds yielded Clostridia in 55% of specimens, Only 3 
patients in this group failed to yield Clostridia. The average number of species per 
patient varied from 1.3 (small arms wounds) to 6.0 (land mines). The average number 
of species per specimen was similar for small arms, artillery, and land mines, but 
was somewhat higher with mortar and grenade injuries. 


Lia = 


Table XVIII. Causes of Wounds and Clostridia Present in 32 Cases 


Ave. No. Svecimens No. of Ave. 


Patients Species #for Strains Species 
Cause No. of 4 for per Clos- Recov- No. of pe 
of Wound Patients Clostridia Patient Total tridia ered Species Specimen 
Small-arms 5 5 1.8 23 6 10 5 pO 
Artillery 6 5 3.0 18 16 29 8 1.7 
Mortar and 15 14 4.8 47 31 67 17 2.16 
Grenade 
Land mine 6 5 6.0 26 Wy 30 10 1.8 
Total a. 29 102 70 136 


Fifteen blood cultures were taken from 12 of these severely wounded men. These blood 
cultures were positive for Clostridia in 11 patients and yielded 19 strains, including h 
species. There were also ); aerobic strains of organism recovered, The aerobes were always 
found in mixed cultures with the anaerobes, 


The anaerobic flora from samples of tissue, blood, and soil is summarized in Table 
XTX. 


Table XIX, Anaerobic Flora of Wounds, Blood, and Soil Samples 
August - September, 1952 


i | SOURCES 
Tissue* Blood Soil Total 
Clostridiun % of Total % of Total % of Total % of Total 
Species — No. Strains No. Strains No. Strains No. Strains 


4 sporogenes Lo 29 11 58 16 20.8 67 28.8 
i eeu 26 25 31.b 51 
il} = 21 10 13.0 29 
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a Total pe 19 77 233 


% #* 5 specimens included embedded clothing in wounds; 1 specimen was a 
shell fragment 

| ** Non-toxigenic, non-sucrose fermenting or otherwise not conforming to 
Hi typical Cl. perfringens pattern. 


- 148 - 


Ninety-four tissue specimens from 33 patients were cultured. Clostridia were re- 
covered in 63 samples (67%). These positive cultures were from 30 of the patients, 
there being an average of species per patient and 2 strains per specimen. All cloth 
samples removed from wounds yielded Clostridia, although the tissue from one of these 
wounds did not. Predominant among the 19 species recovered were Cl. sporogenes, per- 
fringens, bifermentans, multifermentans, and novyi; 66% of wound strains and 60 of 
att strains were among these species. Toxigenic species included perfringens, novyi 
and sordellj. The comparison of tissue specimens with scil samples "Was iriverssting in 
that per “ingens predominated in soil samples while sporogenes occurred more frequently 
in tissue. absence of Cl. tetani from soil samples was unexpected. Cl. novyi was 
more common in tissues than in Soil. The wide diversity of species from tissue was 
striking. 


The presence of Clostridia in blood cultures of these recently wounded men was en- 
tirely unexpected. The immediate suggestion was that contamination was involved. How- 
ever, it is improbable that such exotic flora should be recovered as contaminants. The 
predominance of Cl. sporogenes in blcod cultures as comoared to its incidence in soil, 
the absence of Cl. perfringens and the presence of Cl. novyi make it more probable that 
an early transient Piostriaisl bacteremia occurs in some ssyiously wounded men. Clos- 
tridial bacteremia has been observed in septic abortion (27) ana it seems plausible 
that rapidly proliferating anaerobes in recent wounds might enter the blood stream. 


It is generally assumed that soil, being heavily seeded with Clestridia, is the 
usual somrce of wound contamination. All 29 soil samples cultured were positive, yield- 
ing a total of 13 species and 77 strains of Clostridia. Twenty-five soil samples yielded | 
Cl. perfringens. An average of 2.76 strains per soil sample were recovered, as compared 
with +0 strains per tissue sample. Since soil samples were cultured in the laboratory 
directly, instead of being shipped in cooked meat broth from Korea, a higher recovery 
rate of Clostridia would be expected. 


Aerobic Flora of Wounds - A limited study of the aerobic flora of 90 tissue 


samples is summarized in Table XX. The cultures were made from the cooked meat broth 
used for anaerobic enrichment, and may hence reflect some degree of selection. 


Table XX. Aerobic Flora of Freshly Incurred Wounds in Korea 


% of Total 
Strains Strains 

piee hemolytic streptococci 10 5.0 
eta hemolytic streptococci 1 5 
Streptococci H- 35 py 
Staphylococci H/éM/ 3 1.5 
Staphylococci H/M- 15 7.5 
Staphylococci H- 1 5.5 
Pseudomonas aeruginosa 8 Te) 
Proteus sp. 27 13.5 
Escherichia spp. 19 9.5 
Kerobacter sv. oT 13.5 
Paracolon sp. 10 5.0 
Ricaligenes sp. 3 1.5 
Facillus spp. 29 Whe 
Corynebacterium spp. . 1.0 
Total 198 100.0 


H4 : hemolytic Mf : mannite-fermenting 
H- : non-hemolytic M- : non-mannite fermenting 
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Predominant aerobes included streptococci, staphylococci, Proteus, coliforms, and 
Bacillus species, The virtual absence of beta hemolytic streptococci and hemolytic 
mannite-fermenting staphylococci was conspicuous. Enterobacteriaceae comprised almost 
one-third of the flora. The predominance of gram-negative bacilli and paucity of hem- 
olytic streptococci was in marked contrast to the flora of older wounds, . 


Topical Distribution of Clostridia in Tissues of Recent Wounds - The relation- 
ship between time of wounding, debridement, and the distribution of Clostridia in the 
tissue is complex. Summaries of totals of organisms present do not adequately portray 
the situation. Table XXI gives the findings in 18 seriously wounded men, The time 


noted represents the interval between wounding and debridement, and between first dose 
of penicillin and debridement. 


Table XXI. Distribution of Anaerobic Flora in Tissues of Recent Wounds 


Time in Hours 


Case Injury, Cause Wound to Pen, to Clostridia 
No, and _ Location Culture Culture Specimen Recovered 


1 GSW: left 54 2 a. Clothing, uniform Cl. sporogenes 


shoulder : Cl. perfringens 
7 Cl. pricraetane 


Se ne ne eT FN | rahe a NL Ne Tepe ee ERE en nee 


Se a 3 EL eS ae OF A A wane orbit 
E psaties —— ee ee 


b. Tissue: wound of None 
entrance 
c. Tissue: wound of Cl. sporogenes 
exit 
3 Mortar: leg 34 34 ae Blood No growth 
b. Tissue, wound of Cl. paraputrificum 
entrance al. tivermentane’” 
c. Deep muscle Cl. perfringens 
h Mine: right leg, 24 14 a. Blood No growth 
amputation; b. Clothing in wound Cl. perfringens 
avulsed wound CL. multifermentans 
left thigh c. Muscle, amp. site C1. bifermentans 
d. Deep tissue, amp. No er mG 


site 
L. thigh, deep 


Cl. sporogenes 


5 SFW: head and 


a. 


L. thigh, deep 


Cl. sporogenes 


extremities mus cle 
b. R. calf, elective Negative 
amputation 
6 SFW: head; leg Blood Cl. bifermentan 
(died at 8 hrs) a. L. thigh, deep Cl. perfringens 
muscle ermentans 
Cl. bifermentan 
Cl. sordelli ~~ 
b. L. thigh, sub- Cl. mitifermentans 
cut, tissue Ci. bifermentans 
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Table XXI. Distribution of Anaerobic Flora in Tissues of Recent Wounds 
Continued 


Time in Hours 


Case Injury, Cause Wound to Pen. to Clostridia 

No. and Location Culture Culture Specimen Recovered 

7 Grenade: trau- h 24 a. Deep muscle, amo. No growth 
matic amouta- site 
tion of leg b. Deep muscle, trau- Cl. perfringens 


matic amp. site C1. sporogenes 
c. Muscle from trau- (C1, et faresntane 
matic amp. site CI. sordellf 
3 SFW: penetra- 8 1 a. Deep muscle, 1. 


Cl. perfringens 
ting both thigh a Bi¥erat a ans 
thighs -« sporogenes 

be Blood CLs San ens 
: Ct. eT ferne tare 
Gi. sporogenes 


c. Deep mscle, l.thigh CI. sporogenes 
d. Deep muscle, r. thighOl. Sporogenes 


e. Deep muscle, r. a. ifermentans 
) thigh . Sporogenes 
days post- a. Deep muscle, l.thigh Cl. bifermentans 
wounding b. Deep muscle, l.thigh Cl. cavitovalis 
. Sporogenes 
9 days post- a. Deep muscle, l.thigh Cl. perfringens 
wounding b. Deep muscle, 1.thigh CI. perfringens 
10 Trip flare; 34 3 a. Deep muscle, wrist No growth 
traumatic be. Subcut. tissue Cl. tetanomorphum 
amp. hand 
ll SFW: 1 thigh be 9 ear a. Subcut. tissue Cl. perfringens 
b. Deep muscle ug Effataataie 
» Sporogenes 
c. Clothing embedded (C1. acorceitay 
in tissue pik 
13 Trip flare, 1. he 6) a. Subcut. tissue Ci. ® 
b. Deep muscle TI. sporogenes 
17 Mortar: 1. leg 3 14 a. Deep muscle, calf Cl. tetanomorphum 
Ul Scehioarion 
a putrifaciens 
. Sporogenes 
CI. lentoputrescens 
i tataat 
b. Deep muscle, 1, C1. mailtifermentans 
thigh tI. tetanomorphum 
18 Mine: traumatic 34 23/4 a. Subcut. tissue, r. Cl. ete oe 
amputation leg; leg Cl. mu ermentans 
avulsed wound b. Deep muscle, r.leg CI. sporogenes 
left leg c. Subcut. tissue, CI. sporogenes 
r. leg Cl. perfringens 
d. Deep muscle, r.leg (C1. shoe 
CI. sporogenes 


| 
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Table XXI. Distribution of Anaerobic Flora in Tissues of Recent Wounds 
Continued 


Time in Hours 


Case Injury, Cause Wound to Pen. to Clostridia 
No. and Location Culture Culture Specimen Recovered 
18 Continued e. Subcut. tissue, Cl. sporogenes 
1 leg 
£. Deep muscle, 1. No growth 
leg 
ge Subcut. tissue, Cl. bifermentans 
traumatic am- Cl. tetanomorphum 
putation site Rin 
he Deep muscle, l. Cl. perfringens 
leg ey Ae retain 
Ti. multifermentans 
i. Deep muscle, l. No growth 
leg 
j. Deep muscle, r. No growth 
leg 
20 Carbine, 1. 5x 2 a. Subcut. tissue, Cl. perfringens 
arm 1 arm Cl. multifermentans 
CI. butyricum 
23 Mortar: Chest 54 h a. Subcut. tissue, Cl. aerofoetidum 
r. chest 
b. Deep muscle, r. Cl. perfringens 
test OT. Gavandee em Gia 
eg bifermentans 
. Sporogenes 
c. Subcut. tissue, Ci. ote 
r. forearm CI. miltifermentans 
Cl. Sphenoides 
d. Deep muscle, r. Cl. eae 
forearm CI. sporogenes 
25 Mortar: buttock; 84 5 a. Subcut. tissue, Cl. sporogenes 
leg amputation r. thigh 
b. Deep muscle, r. Cl. histolyticum 
thigh on 
Ci. paraputrificum 
c. Deep muscle, - perfringens 
lower r leg 
d. Deew muscle, Cl. perfringens 
lower r leg 
@. Neen muscle, Cl. perfringens 
amp. site ish 
f. Deep muscle, amp. Cl. perfringens 
site Cl. $iterasntane 
CI. sporogenes 
26 Small arms and L a. Blood Cl. 'n 
SFW upver 1. CI. sporogenes 
arm and face 6 3 b. Deep muscle, 1. No growth 


arm 
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Table XXI. Distribution of Anaerobic Flora in Tissues of Recent Wounds Continued 


Time in Hours 


Case Injury, Cause Wound to Pen. to Clostridia 
No. and Location Culture Culture Specimen Recovered 
27 GSW, 1. hand 13 3 a. Subcut. tissue wound No growth 
SIW of entrance 
be Subcut. tissue wound Cl. multifermen- 
ns 


C1. butyricum 


30 Mortar: legs h 2 a,b,c: Specimens from leg, No growth 
ankle, thigh 
d, e: Specimens from No growth 


opposite leg 


Injuries included 10 shell fragment wounds or mortar injuries, 5 mines or grenades, 
and three gunshot wounds. The juxtaposition of debrided tissue samples devoid of anaer- 
obes and samples containing several species may be noted in cases 4, 7, 18, and 27. In 
most instances, however, Clostridia were widely distributed in tissues adjacent to the 
wound. Cl. sporogenes and perfringens frequently occurred together, and Cl. bifermentans 
and sordelli were demonstrated in a Single block of tissue in several instances. e 
distinction between the latter 2 species was made despite frequent allusions in the lit- 
erature to Cl. sordelli as a toxigenic variety of Cl. bifermentans. Biologically, these 
species are no more closely related than are cl. sporogenes and Cl. novyi, and their 
differentiation is believed justified, ra 


Blood cultures from four cases included in the table showed Clostridia in 3 instan- 
ces, with one, two, and three species present in the respective cases. One case, #6, 
was a head injury in which death occurred 6 hours post-operatively. In this case, 
Cl. bifermentans was recovered in the wound and in the blood culture. Case #9 had 3 
Species present in blood and in several wounds. Case 25 suffering head and arm wounds, 
yielded two species in blood culture; the single tissue specimen did not harbor demon- 
strable Clostridia. 


Sensitivity of Recently Isolated Clostridia to Antibiotics - It has been assumed 
that antibiotic therapy plays a vital role in preventing major Clostridial involvement 
in contaminated wounds, but little information on sensitivity of Clostridial strains 
from wounds has been recorded. Approximately 80 anaerobes from the current study 
were tested for such sensitivity. Attempts to use a vlate diffusion technique were un- 
successful due to frequent growth failures. A tube method was employed using a 1:100 
dilution of an 18-hour thioglycollate broth culture in varying dilutions of antibiotic. 
The growth end point was read at 20 hours. Sensitivity tests were made within one week 
of isolation, usually prior to final identification. Minimum inhibiting concentrations 
of penicillin, aureomycin, terramycin, and chloromycetin for 1) of the 19 species recov- 
ered in this study are shown in Tables XXII, XXIII, XXTV, and XXV. Sensitivity of most 
strains to penicillin, aureomycin, and terramycin fell within a narrow range. Reaction 
to Chloromycetin varied more widely. In several cases, multiple strains from a given 
patient were tested prior to identification of the species, which accounts for the nvro- 
portionately large number of perfringens and sporogenes strains tested. The majority 
of strains of 1) species tested were Inhibited by penicillin in ranges from 0.1 unit /ml 
to 1.0 unit/ml. None were inhibited by less than 0.05 units/ml. and only 29 of 453 
strains withstood 2 units or more of penicillin. Of the potentially impcrtant crgan- 
isms, penicillin-resistant strains of perfringens, novyi, bifermentans, and sporogenes, 
were observed. With aureomycin the range of sensitivity was somewhat greater than h 
penicillin, but most strains were inhibited by at least 0.5 mcg/ml. As with penicillin, 
a potentially resistant group of strains was present. A similar picture with a still 
wider range of sensitivity (from 0.5 mcg/ml) was found with terramycin. Ten percent 
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Table XXII. Sensitivity of Recently Isolated Clostridia to Penicillin 


Minimum Inhibiting Concentration (unit/mL) 


Number of Strains Resists Total 

Species ig 0.25. 05 6) 425 65 110. 2.0 3,0°> 5.0: Matin 2 Strate 
tg verfringens - : 28 56 i 4 2 h = : 18); 
- sporogenes - 9 21 2 9 1 - 132 
Cl. bifermentans - 7 8 if 21 ; dgeeteee 8 ~ - 2 57 
CI. multifermentans - h 9 6 7 5.2 2 | - 36 
Cl. paraputrificum - - 5 1 3 - 2 - - 3 1, 
Cl. teta nomor phum - - 1 3 1 a - i - 8 
GI. novyi eee ae le Emu oeng ie 1 9 
Gi. butyricum - - 2 2 - - - - ~ - h 
CI. Tentonutrescens - - - - - i, ho - - 1 2 
CI. tertium - - - “s “ : ee | - - - 2 
Cl. tetani ~ - a 2 « - ~ ~ ~ ~ 2 
CI. sordelli - - - - 1 - - - - - 1 
CL. carnis ° - - - ~ : ee “ - - 1 
CI. aerofoetidum ~ - ~ - - es ge - - 3. 1 
Total Strains - 2h 6he = 1b 150" aS Te ss 2 20 453 


Table XXIII. Sensitivity of Clostridia to Aureomycin 
Minimum Inhibiting Concentrations (mcg/ml) 


Number of Strains ' Resists Total 

Species p02 L285 05 eee + ee 1.0 Maximum Strains 
Cl. perfringens - 7 16 56 8 23 9 189 
C1. sporogenes - 1 7 L6 yt Ft 12 k 132 
Er; Si Foranitins - 1 7 12 sity | ‘3 5 65 
Ci. mitifermentans - 3 6 Wy 16 6 2 - 7 
Cl. paraputrificum - = 1 2 5 eels 1 6 12 
ay etanomorphum - - - “ iM 3 : 3 11 
» no - - = 3 3 : 1 1 S 
Ci. estricen ~ - 2 3 mci ~ a 7 
CI. LTentoputrescens - - Z - - - - - 1 
CI. tertium - - - - - 1 - - 8 
CL. tetant - - - 1 1 - - ~ 2 
C1. cochiearium - - - - 1 - - - 1 
TI. sordelli - - 1 - - - - - 1 
Ci. carnis - - 1 - - - - - 1 
CI. aerofoetidum = 4 “i 1 - - = 1 
Total Strains - 6 2 197 2-263". S2 33 23 4.80 


of the strains tested were resistant to 20 mcg/ml of chloromycetin although the majority 
were inhibited by 5 mcg/ml or less, 


No significant variations in sensitivity were demonstrated between species. However, 

the range of sensitivity of different strains of multifermentans, tetanomorphum, and par- 

utrificum was wider than that for other species. The range of an otic concentrations 
at which 60% of the 5 predominant species were inhibited were determined (Table XXVI). 


When the composite sensitivity of all strains tested was assessed in terms of percent 
of total strains inhibited by a given concentration of antibiotic, the comparative results 
indicated differences in the type of effect exerted by the four antibiotics. Graon II 
(Figure 2) shows the results of tests with penicillin, aureomycin, terrseajcin, and 
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Table XXIV. Sensitivity of Clostridia to Terramycin 


Minimum Inhibiting Concentrations (mcg/m1) 


: Number of Strains Resists Total 

Species 0.25 .05 .1 .25 .5 $41.0 2.0 3.0 5.0 Maximm Strains 
Cl. perfringens ~ 5 en 76: 49 * 20°" 17 1 - 3 193 
Cl. sporogenes - a Te: 29 5 2 2 2 135 
Ut, Ei fareentens - ea 28 «16 3 - - “ 2 60 
Cl. mltifermentans - h 5 sy ieee 9 2 2 uf - - hs 
Cl. paraputrificum - - 3 2 1 2 1 - - 5 14 
ie Eetanomor hum - - - - 5 1 - - - 3 9 
CI. no ° - - 4 | rf - - - 1 7 
Cl. butyricum - - - 3 3 - - - - - 6 
C1. Tentoputrescens - » - 1 - - - - - - 1 
CI. tertium - ‘- - 2 - - - - - - 2 
Cl. tetani - - 1 ey - - - - - 2 
CI. cochlearium - - ~ - 2 - ~ - - - 2 
TI. sordelli - - - - 1 - - - - - ; 
CI. carnis - - - ee | - - - - - 1 
CI. aerofoetidum - - - - 1 - - - - - 1 
Total Strains - 13° Sh 000 tke" ST 95 4 2 16 479 


Table XXV. Sensitivity of Clostridia to Chloromycetin 
Minimum Inhibiting Concentrations (meg/m1) 


Number of Strains Resists Total 

Species 1.0 2.5 5.0 8.0 10.0 12.0 15.0 20.0 Maximum Strains 
Cl. perfringens 1 ho 53 38 21 3 1 5 25 186 
Ci. sporogenes 1 3 WES? BO 7 : 2 : 8 126 
GL. bi fersentans - 26 21 7 2 - 2 2 3 63 
CI. multifermentans - a 7 1 - i - 5 43 
Cl. paraputrificum - 3 4 2 3 - - - uf 12 
Et, Petahoucr hum - h 1 3 5 - - - - 13 
Cleot - 2 a p | 2 - - ~ 2 8 
he a cum - 3 1 - - - - - = h 
CI. Tentoputrescens - 1 - - - - - - 1 2 
Cl. tertium - 1 1 - - - - - - 2 
Cl. tetani - - 2 2 - - - = - h 
CI. cochlearium - - 4 - - a pe pe pe 1 

GI. sordelli - 1 : - - = a + ~ ee 
Cl. acrofoetidum - - 1 Pa = we - - - 1 
Total Strains Sa DRS ANG eee. os) h 6 8 LS 1,67 


chloromycetin. At the highest dilution of aureomycin tested, no indication of a dis- 
tinct group of resistant forms appeared. However, the results for terramycin and pen- 
icillin show a levelling off above the concentration at which 90% of the strains were 
inhibited. Increases beyond 1 unit of penicillin or 1 mcg. of terramycin per ml. failed 
to inhibit a corresponding proportion of the strains,and a projection of the curves 
indicated that a significant number of extremely resistant strains were present in each 
case. Chloromycetin behaved in a more quantitative manner, and at the highest concen- 
tration employed the curve indicated a probably complete inhibitory level. 
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Table XXVI. Range of Concentration of Antibiotics Which Inhibit More 
Than 60% of Clostridium perfringens, multifermentans, bi- 
fermentans , sporogenes, and no 


Species 
Ct, Cl. Gie Cl. Cl. 
Antibiotic perfringens multifermentans bifermentans sporogenes novyi 
Terramycin 
Minimum Inhib. 21-1.0 205-0.5 205-0.5 ~1-1.0 025-1.0 
conc. 
No. of strains 193 us 60 135 7 
tested 
% of total in- 88.7% 88, 8% 91.7% 89.6% 85.7% 
hibited 
Aureomycin 
Minimum Inhib, -05-0.5 05-0.5 205-1.0 el-1.0 el-1.0 
CONC e 
No. of strains 189 47 65 132 9 
tested 
% pf total in- 92.8% 89 id 90. 8% 91.0% 88.8% 
hibited 
Penicillin 
Minimum Inhibs ~1-1,.0 -05-1.0 .05-1.0 el-2.0 -05-1.0 
CONC. 
No. of strains 18) 36 57 132 9 
tested 
% of total in- 89% 86 LS 94.7% 91.7% 88. 8% 
hibited 
Chloromycetin 
Minimam Inhib. 2.5-8.0 2.5-8.0 2.5-10.0 2.5-10.0 
CONC « 
No. of strains 186 43 63 126 8 
Tested 
% of total In- 81.5% 83.7% 85.2% 90.0% 75 0% 
hibited 
Inhib, = inhibiting 
Conc, = concentration 


SORBIC ACID AN AID IN RAPID ISOLATION OF CLOSTRIDIA: Vaughn and Emard (28)reported 
growth of catalase-positive bacteria was inhibited by sorbic acid (2,  hexadienoic 
acid) at an acid pH. The possibility of using sorbic acid as an aid in isolation of 
Clostridia from wounds was investigated. Separation of anaerobes from Pseudomonas, 
Proteus, gram positive bacilli, and Staphylococci, is the basic problem, Chloral 
hydrate-sodium azide plates paye not completely controlled the spreading of Proteus 
colonies in this laboratory 7), Colonies of hemolytic staphylococci are indistin- 
guishable from smooth-phase Clostridium colonies on blood agar azide-chloral inhib- 
ition plates. ee ee 


The glucose-yeast extract broth employed by Vaughn and Emard failed to support 
growth of pathogenic Clostridia. Likewise, the liver-infusion which they recommend 
was extremely difficult to prepare in an effective mixture with blood agar. Exper- 
iments were conducted with thioglycollate broth containing 0.175% agar, to which sorbic 
acid was added, to produce final contaminations ranging from 0.05% to 0.25%. The 
sorbic acid had no apparent effect on the medium except to lower the pH to a range of 
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5.6 to 5.8 This did not impede growth of Clostridia. Strains of gram-negative 
bacilli, and gram-positive cocci and bacilli were inhibited by a concentration of 
0.15% of sorbic acid, as shown in Table XXVII. 


Table XXVII. Effect of Concentration of Sorbic Acid Upon the Growth 
in Thioglycollate Broth of Aerobic Bacteria 


Sorbic Acid Concentration 


No. of and Growth Results 
Or m Strains 0.5% 10% 15% 
Salmonella sp. 10 f Z - 
Shigella sp. 10 £ “ - 
Coliform strains h 4 £ - 
Proteus sp. 4 é - “ 
Pseudomonas sp. 5 é # f 
Bacillus spp. 35 f g ~* 
Staphylococcus, Hemolytic 18 é é - 
Staphylococcus, Non-hemolytic 15 é # = 
Streptococcus, Non-hemolytic 10 é é Ps 
Streptococcus, alpha hemolytic 5 f # é 
Streptococcus, beta hemolytic 12 Zé f fie 


Growth readings are at 8 hours, incubation at 37°C. 
* Several Bacillus strains were recoverable at 8 hrs., but did 
not grow in the presence of sorbic acid. 
## Only Group D streptococcus strains survived. 


Organisms growing and recovered upon subculture into nutrient 


medium 

# Organisms inhibited in growth by this concentration of sorbic 
acid, but remaining viable. 

- Organisms non-viable when subcultured into nutrient medium 


Among the strains tested only Pseudomonas and streptococci of Group D grew 
well in sorbic acid. In view of this encouraging result, 19 Clostridium species 
were further studied to make certain that no inhibition occurred in the presence 
of 0.15% sorbic acid. Growth under these conditions was sometimes slightly de- 
layed, and the formation of gas from fermentable carbohydrates was suppressed. 
With these facts in mind, sorbic acid was incorporated in both thioglycollate 
broth and blood agar plates and applied to the isolation of Clostridia. Dupli- 
cates af enrichment broth cultures were used to maintain strains which might be 
inhibited by the acid, but thus far such inhibition has not been encountered. 


This method has been more effective than all previous methods for inhibiting 
Proteus, Coliform bacilli, and Bacillus spp. The medium has been employed in 
over 500 isolation procedures without any indication that it has prevented recov- 
ery of Clostridium, and many strains recovered by its use would otherwise have 
been lost. 1t has greatly reduced the time required to recover pure cultures. 


OBSERVATIONS ON CULTURAL REACTIONS OF CLOSTRIDIA AND USE OF POLYMEXIN IN 
ISOLA 3 e fas ous or of many strains 0 os on 
olation, the interference of facultative anaerobes, spreading growth 
of aerobes, and mechanical difficulties in maintaining anaerobiosis for agar 
plates contribute to the uncertainty of results in Clostridia study. Since 
the outbreak of the Korean War, continued effort has been made to improve anaer- 
obic culture techniques. Previous reports described the introduction of 
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semisolid thioglycollate broth for motility determination, nitrate reduction, and carbo- 
hydrate utilization, of sodium azide-chloral hydrate blood agar plates for isolation, 
and of the acrolein reaction for presumptive recognition of Cl. pers ringens: Chopped 
heart medium (Robertson's broth) has been used as an enrichment broth, and for a holding 
medium for primary culture. During 1952, the acrolein reaction was evaluated and other 
critical factors in isolation, identification, and maintenance of cultures of anaerobes 
—_ et Polymixin and Sorbic acid (qev.) as an aid in isolation of strains were 
ntroduced. 


Acrolein Reaction - The formation of acrolein (acrylic aLaeaese) She glycer- 
ol by Cl. perfringens was regarded as a consistent reaction by Humphries 29) and by 
Heller C30) tn thts laboratory, a small percentage of acrolein-positive cultures con- 
sistently failed to yield Clostridium perfringens, while in some cases clostridia were 
recovered from acrolein-negative cultures. 


The acrolein reaction is at present performed by inoculating 0.5 ml of an 18 hour 
thioglycollate broth culture into 2.5 ml of glycerol-thioglycollate broth, and incubat- 
ing for 15 to 18 hours at 37°C. (In urgent cases, the test may be performed as soon 
as the indicator shows an acid reaction, or in as little as 6 hours), Prompt appearance, 
within 15 minutes, of the typical magenta to purple color on addition of Schiff's re- 
agent, constitutes a positive reaction, while a delayed or weak color change is regarded 
as doubtful, Table XXVIII summarizes the results of tests on 55 anaerobic cultures. 


Table XXVIII. Acrolein Reactions in 55 Anaerobic Cultures 


Cl. perfringens % of pos. reac- % of neg. reac- 


Acrolein Acrolein ~— ° tors yielding tors yielding 
Type of Specimen Positive Negative Isolated Isolated Cl. perfringens Cl. perfringens 
Tissue* 37 32 5 86 hE 
Tissue 175 8 167 5% 
Wound study, Koreax® 9 2 7 89. 8% 
3 81 3.5% 
Food k h 0 100.0% 
76 h 72 5.2% 
Urine 'e) 13 1 12 7.6% 
Miscellaneous 3 14 3 1 100.0% 
Totals 93 81 12 87.0% 
362 16 346 4.6% 


* A total of 10 doubtful reactions were recorded, of which 5 
yielded Cl. perfringens and 5 did not. 


## These cultures were all held at least 5 days prior to examination 


Eighty-seven percent of cultures positive by the acrolein test yielded Cl. perfrin- 
ens, which was recovered from only 5% of cultures giving a negative reaction. faltures 
of Cl. tetani gave a weak acrolein reaction and one strain of Cl. tetanomorphum con- 
sistently gave a prompt positive reaction. The only previous recorded =< to 
the specificity of the test was by B. amaracrylus, an organism observed in wineries(31) , 


A possible explanation of aberrant acrolein reactions was noted in the behavior 
of 5 strains of Cl. perfringens which gave negative acrolein reaction on initial test. 
These organisms were pathogenic for guinea pigs, and when subsequently recovered from 
tissues of inoculated animals, gave positive acrolein reactions. It is possible that 
strains recovered from enrichment broths showing negative presumptive acrolein reactions, 
are low in virulence, and that this virulence is enhanced by animal passage. 
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Brewer Jar Lid Seals - In use of Brewer jars, the standard technique sug- 
gests a ring of plasticene as a seal for the jar lid (32), It has been repeatedly 
observed that adequate anaerobiasis is more apt to be maintained when a layer of 
"Cello-seal", or similar high pressure glass sealing compound is used. Minute leaks 
developing in the seal will almost always result in failure of growth of otherwise 
viable Clostridia. This technical problem has not been strongly emphasized in the 
literature, but probably accounts for many failures to isolate anaerobes, A series 
of several hundred recent isolates of Clostridia, during tests for antibiotic sensi- 
tivity, failed to grow on blood agar plates in Brewer jars while parallel cultures 
in other jars grew well. The only technical difference in these parallel tests was 
the plasticene seal on the unsatisfactory jars and the "Cello-seal" on the jars 
yielding growth. 


Variations in Milk Fermentation - Presumptive rg. tion of Cl. perfrin- 
ns by the "stormy fermentation" reaction is widely used bs 8 During 195 strains 
of Cl. multifermentans recovered from soil have shown a stormy fermentation closely 
resembling that of Cl. peefriogens. Some tissue-strains, however, gave a delayed 
reaction, with acid, clotting and gas formation. When subcultured for 8 hours on 
blood agar and re-tested, a typical stormy fermentation occurred. The interference 
of Cl. multifermentans in presumptive recognition of Cl. per ieangens constitutes a 
potential source of error in wound bacteriology and is to be er studied. 


iyarogen Sulfide Formation and ce ene of Cl. pore rsngene - Recently 
isolated salicin-negative Cl. perfringens strains frequently forme le or no 
HoS. Such strains killed guinea pigs very rapidly. After several subcultures H55S 
formation became more rapid and stronger and simultaneously the time required for 
the strains to kill guinea pigs lengthened to several days. At the same time gel- 
atin liquefaction by the organism tended to become more rapid. This type of reac- 
tion has not been previously reported for Cl. perfringens. 


a B in the Isolation of Clostridia - Pseudomonas is one of the prin- 
cipal genera of aerobic flora erfering w prompt isolation of Clostridia from 
wounds. Most inhibitory techniques, including sorbic acid (q.v.) are not effective 
against these organisms. Of 10 strains of Ps. aeruginosa nine were inhibited by 
Polymixin in a concentration of 5 mg/ml. This aati biotic was then tested against 

20 strains, including 13 species of recently isolated Clostridia, Cl. per fra pgens » 


multifermentans, butyricum, aerofaetidum, carnis, novyi, pnorogeness: 1 ermentans, 
sordelli, peices Tentoputrescens, tetani, and capitovalis readily tolerated 
concentrations 0 me e meg/mL aerofoetidum, ee eeeee and no were 


slightly inhibited in growth. Polymixin B In blood agar is now ng employed as an 
inhiditor with promising results, 


TUBERCULOSIS - Cultures and Animal Inoculation - Comparison of techniques 
employed in laboratory examinations for tuberculosis 1s of value in the continued 
search for better methods of demonstrating the presence of tubercle bacilli. Table 
XXIX summarizes our results during 1952. 


Table XXIX. Tuberculosis Examinations for 1952 
Total clinical specimens OXaMined cecccccccccccccccccccccccece 3,194 


Cultured ccccccccccccccccccccccccccccccecececcececccccces 9,01 
Dubos! medium ceccvcccccccccccccce 9 
Positive for AFB ccccccccccccne 320 (9.5%) 
Corper's MOGLUM ceccccccccccccccecs 3,453 
Positive for AFB ceccccccccccece 171 
Petragnini's MEGiuM ceccccccccccce 25233 
Positive for AFB eeececcesoccece 185 (8.2%) 
Guinea pig inoculation from concentrates COCHHO EE SCOEOEOLELEEEOO 1,72 
TB positive COHCHHEOHHOOOSHSEEESOE HOSES HLOOS EEE SOOO ECEEEOO® 22h (12.8%) 


Petragnini's medium was added to the routine culture procedure in March, 1952. 
It was 0% more effective in recovery of tubercle bacilli than Corper's, which has 
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been used in this laboratory since 198 on the basis of comparative experiments at 
that time. The high recovery rate with Dubos' liquid medium would make it a superior 
substrate were it not for the large proportion of acid-fast bacilli which failed to 
produce lesions in guinea pigs, and in many instances did not grow ehen subcultured 
to solid medium. Some of these organisms were saprophytes; others undoubtedly repre- 
sented nonviable tubercle bacilli. The recovery rate with guinea pig inoculation was 
higher than with any single culture medium; however, the total recovery rate with 

3 media approximated that obtained with guinea pigs. 


Neutral Red Test for Virulence - The cytochemical test for big E15 in of 
tubercle bacilli can be performed on growth from solid or liquid media 34), (35), 
With the former the advantage of the speed of the procedure is somewhat reduced by 
the time required to grow an adequate amount of culture, so that initial guinea pig 
inoculation usually gives pathogenicity results more quickly. With liquid cultures, 
a prompt, effective, in vitro assessment of virulence would offer a desirable im- 
provement in speed over present animal inoculation methods. 


Solid Media Cultures and N-R Test = One hundred and eighty-two freshly iso- 
lated strains of acid-fast bacilli were tested by the cytochemical procedure described 
by Dubos (35), Of these, 171 gave a positive test on first trial. Two strains were 
negative initially but positive on repetition. The initial negative results were 
probably due to insufficient organisms, since these two strains grew slowly. There 
appears to be a lower limit of cell volume below which the reaction with neutral red 
will not occur, even though acid-fast bacilli are observable microscopically. 


Nine non-pathogenic strains grown on Petragnini's were tested. These included 
M. phlei, M. smegmatis» M. vara, and 3 strains which were proved to be non-pathogen- 
Ie after recovery from sputum, Each strain gave a negative Neutral-red test. 


Liquid Medium Cultures and Neutral-red Test - One hundred and eighteen pos- 
acts ak ea paar bali eee a Daten! Retin wern-teated,. Baxtgi-faar 
gave positive cytochemical tests while 7) were negative. Those cultures giving a pos- 
itive reaction were all pathogenic and ghoves relatively large numbers of acid-fast 
bacilli, with noticeable "cording" growth Ms Of the 7 neutral-red negative strains, 
50 were shown to be pathogenic for guinea pigs, while 15 were non-pathogenic. Those 
strains which gave negative neutral red reactions from liquid medium but which were 
pathogenic to guinea pigs gave positive neutral red reactions when recovered by sub- 
culture on solid media. Inability to determine pathogenicity and difficulty in obtain- 
ing subculture on solid media seriously limit the value of Dubos media on the neutral 
red test. 


ENTERIC BACTERIOLOGY: The incidence of enteric infection among American troops 
and civilians in the Far East was low during 1952, despite an active epidemic in Japan- 
ese and extensive Shigellosis in Koreans. Studies were made of the distribution of 
types of Shigella and Salmonella, fluctuations in specific types in epidemics, un- 
classified eretaA | phase variation and group antigen structure of Shigella flemeri, 
and the agglutinin response in patients during a Shigellosis epidemic. 


INCIDENCE AND DISTRIBUTION OF SHIGELLA TYPES IN JAPAN, OKINAWA AND KOREA, 1952 - 
Specific typing of Shigella was carried out following the procedures of Wheeler (37) 
Kauffman (38), Edwards and Ewing (39) and Madsen (52) on antigenic structure. Reviews 
of literature (7) have showm little recent information regarding species and type in- 
cidence in the Far East (41), Observations have included study of distribution patterns 
in indigenous populations and U.S. personnel. In 1950 (42) Sh. flexneri 2a was predom- 
inant in Tokyo, represent 0% of strains isolated, while Sh. sonnei comprised 35%. 
This aaiedaine cannabhet sg os Sse in Europe (h3$, India thJ, and the UeS. 0%) 
within the past 12 years. 


During 1952, 6,485 specimens were examined, including 1,981 stool and rectal swab 
cultures. From these, ),28 strains were identified as Shigella or Alkalescens-Dispar 
species. This recovery rate of 66%, exclusive of SalmonsTIe strains, reflected reason- 
ably effective screening on the part of installations submitting cultures. 
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Primary isolations from stools were made on SS and MacConkey's agar, while KIA 
slants were plated to MacConkey's to assure purity of culture. Lactose-sucrose en- 
richment broth was inoculated, incubated to 6 hours, and negative reactors used 
to inoculate KIA slants, motility agar, citrate agar, urease medium and mannitol. 
When negative for fermentation at 2) hours, the broth was used for an indol test. 
Screening criteria for Shigella included glucose utilization, absence of prompt fer- 
mentation of sucrose, lactose, or salicin, and negative reactions for citrate util- 
ization, HoS, motility and urease formation. 


Serologic typing by the slide method was routinely done, with questionable re- 
actions confirmed by tube agglutination. Typing sera were prepared in this labor- 
atory from strains obtained from the Army Medical Service Graduate School, the Com- 
municable Disease Center, and other authoritative sources, and followed the basic 
pattern described by Wheeler (37)and Kauffman (38), Group factors were extensively 
used in identifications. Comparisons with sera supplied by Army Medical Service 
Graduate School were made frequently. 


Four distinct population groups were observed during 1952: Americans in Japan, 
Japanese citizens in Tokyo, POW's and some US troops in Korea, and American person- 
nel on Okinawa. Shigellosis was present on an epidemic scale in Korea. There were 
87,000 cases reported among Japanese in Tokyo during the summer, Cultures on Jap- 
anese were taken weekly at a contagious disease hospital. Cases occurred sporadic- 
ally among Americans in Japan and the Ryukyus. Table XXX gives the distribution of 
the predominant types of Shigella in these groups of patients, and Table XXXI the 
distribution of all recovered Shigella. The predominant cause of Shigellosis in 
Japan, Korea, and Okinawa was Sh, flemeri, which is consistent with the worldwide 
importance of this species in bacillary dysentery (45). Incidence of Sh. dysenteriae 
strains fell below the 1951 level, and this group was of only academic interest in 
Japan. Sh. dysenteriae 2 (ambigua) appeared sporadically. Recovery of boydii strains 
was less frequent than in previous years, and this species remained a curiosity in 
the Far East. An organism of importance not listed in the table is the paracolon 
with Shigella dysenteriae 3 (Q1167) factors. This organism was consistently recov- 
ered ina s percentage of dysentery cases in Tokyo, and in 5 cases of diarrhea 
in Americans. It appears to be definitely pathogenic. Sh. sonnei has in the past 
been of importance in Japan. It showed a marked decrease in incidence in 1951 but 
increased slightly in 1952. All strains of Sh. sonnei recovered showed both forms 
I and II directly upon isolation. adh BAERS 


Table XXX. Predominant Shigella Types in ) Major Population Groups 
in the Far East, 1952 


Sh. Sh. Sh. Sh. Sh. Sh. 
flex. 2a flex. 2b flex. 3 flex. flex. 5 sonnei 
Japanese 29.2% 37.9% 8.0% 2.2% 0 10.5% 
(Tokyo) 
Americans 28.4% 13.6% 7 lid 2.5% 1.2% 2.7% 
(Tokyo) 
ero ; 22.2% 4.0% 15.1% 5.3% 0 16.h% 
POW & Americans 15.1% 1.18% 12.6% 28.2% 21.8% LS 
(Korea) 


The summary shows the dissimilarity between distribution of Shigella in Japan and 
Korea despite the frequent communication between the two areas. Sh. flexneri 2b, pre- 
dominant in Japanese, is of negligible incidence in Korea; 2a is Tar Tess frequent in 
Korea than it is in Japan, and Sh. sonnei is quite rare in Korea, 


Americans in Japan showed a Sh. flexneri 2b incidence of approximately one-third 
that of the Japanese. Sh. flexneri 2b was rare in Okinawa. The type 2a incidence was 


- 162 « 


Table XXXI. Shigella Types in Japan, Korea, and Ryukyus, 1952 


Japan 
Americans Japanese Ryukyus Korea Total 
No. + 4 No. % No. y 4 Noe % Noe % 
Sh. dysenteriae 1 - - - ~ - - 66 1.92 66 1.55 
Sh. dysenteriae eriae 2 2025 a Ms h 2.6 177... del5.. 189... beh 
Sh. enteriae 5 = ~ = = ee - - i Cee 
Sh. dysenteriae eriae 6 - - - - - - 1 0.02 i+ 0.02 
Sh. flexne : es L actee Wy 9.2 2hh....7 Al. +260. 6.10 
Sh. flexneri 1b sees Sl 8.5 32 20.5 79: 2.30 : 163° 3.8 
Sh. flexneri 2a 23 28.4 17h 29.2 34 22.2 517 15.10 748 17.53 
- flexneri 2b a ge ic 226 37.9 ee hl 1.18 28) 6.65 
» flemeri 3 Oi <7 alt 48 8.0 23... 15.1 431 12.60 508 11.90 
Sh. flexneri 2. 2.5 ay 22 8 5,3 966 28.20 990 23.20 
Sh. rabauLlensis - - L202 - - Eo 0.12 
(flexneri [c)+ 
Sh. exner: He se 7 = me on, 750 ele 80 751 17 60 
Sh. flexneri 6 - - - - de. One seer a Ee 
(manchester) 
Sh. xmer - - - ~ - - 2... 0.05 2 0.05 
Sh. flexneri var "x" - - 6 1.0 - - 26 «0.75 Cb ae ee ds 
« flexneri var "y" - - 6.0 de 3: 2,0 4S 1.31 Suh s1.28 
a’ 0 cr 3 = = = Ls = 8 0.23 0.19 
MM ee ae ath i a 
« sonnei I. 0 7 3. 10. oo 36; a 159 3.7 
Aeot 5 uh Gee - - - - 2 0.05 i 
A-D2 5 6.2 2 0.3 oe hee Se  O.8? 15 0.35 
A-D3 Feet - - x OF 8 0.23 12 0.28 
A-D\4 ae - - - i 7 6.08 2 0.05 
Total 81 100 597 100 153 100 3433 100 §=26h 


* Identity of this "type" remains debatable 


Note: 3 Shigella flexneri lh were received from MAAG (Formosa) 


comparable for Americans in Japan and Okinawa, and for Japanese. Sh. flexneri 3 was 
twice as common on Okinawa as in Americans in Tokyo. Sh. sonnei was over twice as 
frequent among Americans as among Japanese in Tokyo. The proportionately high inci- 
dence of Sh. flexneri "X" among Japanese may be linked with the incidence of Sh. flex- 
neri 2b, since the most probable source of "X" is as a loss-variant of 2b (LO). The 
similarity of Shigella flora of Americans in Japan and Okinawa and the differences 
between Americans and Japanese in the same community suggest that the Americans retain 
at least some of the flora typical of the United States, modified, but not entirely 
replaced by the common flora of Japan. Sh. flexneri 5 is rare in Japan, yet it was 
very common among the Koreans. Among strains not shown in Table XXX, Sh. flemeri 6 
was almost non-existent in the Far East. This type is of considerable importance in 
America and Europe. The A-D group was predominantly confined to Americans. 


The Korean cases furnished the only significant numbers of Sh. dysenteriae types. 
Type 1 occurred only there. The incidence of Sh. flexneri la ii Wovens neeeabien that 
seen on Okinawa. This type was almost non-existent in Japan. Sh. flexneri 2b was con- 
spicuously rare in Korea, in contrast to its predominance among Japanese. Infections 
in Korea were still predominantly Shigella flemeri in 1952, although the proportion 
of type 5 rose strikingly and type 3 assumed greater importance. The low incidence of 
other types was in contrast to Japan and Okinawa, especially the absence of Sh. sonnei, 
which is a conspicuous feature of American and European dysentery. The incidence of 
Sh. flemeri "Y" in Korea reflected the concentration of type la, of which these "y" 


te oe 


strains may be loss-variants. All type "Y" strains were subcultured and 20 colonies 
of each were checked for specific phase factors, before they were designated as auth- 
entic non-specific strains. 


Nee vena tions in SEAnc pas Shigella Type in Japan and Korea - The rise and 
fall o erent types of causative organisms in bacillary dysentery epidemics is 

not well-documented, and the current study permitted a brief investigation of this 
phenomenon. The proportionate distribution of the predominant Shigella in the Japan 
epidemic is shown in Figure 3. The increase in type 2b and the complete disappearance 


of type 3 during the summer are of interest. The case rate during the year rose to its 
peak in August and remained high until late November. 


In Korea (Table XXXII) the predominant type Sh. flexneri la, remained at about 30% 
to 35% for months, fell to 6.9% in August, then resumed its prominence in October. 
(A fundamental change in identify of Sh. flemeri types in Korea is pointed out in a 
later section). The incidence of Sh. flemeri 5 tended to follow that of ha. Type 2a 
constituted about 10% of the total Shigella for the first months, then increased in 
incidence. In August and September it was the predominant type, and continued to occur 
frequently through December, It became one of the dominant types in this epidemic. 
The occurrence of Sh. dysenteriae 2 was exotic; it appeared in not over 8% of cases, 
suddenly rose to 51% in June, then almost disappeared. A situation not shown in Table 
XXXII was the abrupt and almost total disappearance of Sh. flemeri 1b in Korea after 
April. Of 78 strains recovered, only 2 were found during the last 8 months in 1952. 


The Shigella dysenteriae types of the Sachs-Large group and of Sh. boydii were rare in 
the Far East Seine oes. 


Table XXXII. Monthly Variation of Shigella in Korea 


Shigella § Shigella Shigella Shigella Shigella % of 
enteriae flemeri 2a flexneri 3 flexmeri flexneri 5 Total 


Month No. % No % No. 4 Noe ys No. 4 Strains 
January 39 6554: 490  — Bs2 90 a5 ok 200: 9589. OF aS 79.2 
February 22 506 029 eee 16.4 117 30.0 10h 26.6 86.0 
April 26 S04 © ins 33 10.2 <.102 31.3 60 18.6 82.6 
May 1 2e7 9 2hel h 10.6%. 9 2h el 6: Bhet 83.9 
June es: 51.0 ae hk 7.3 6 10.9: 12; 20.0 91.0 
July ae 218.0 «ae °843,7 3 O56 OOTP aS ss he2 53.0 
August 3 3.0 h6 = 5.5 10 9.9 7 6.9 15 14.8 80.1 
September 0 0 36 26.3 2h Ee * oF 19h 27 19.) 82.6 
November 8 1,.5°°" ier 26.7 8 9 92 18.0 150 29.3 84L.9 
December 2 1.3 34° 22.5 9 6.0 39 25.8 3 28.5 8.1 
Total 177 5.2 «Sar. 15.5°.-168 12.7 956 28.2 759 22.2 83.8 


Shigella flexneri : Mannite Fermentation - Although Sh. flexneri ) is widely 
regarded as predominantly mannite-rermenting (46), all 23 strains recovered from Japan- 
ese over a two year period were mannite-negative. Japanese investigators (8) have re- 
ported only mannite-negative strains in Japan. During 1951, all of the 1339 strains 
received from Korea were mannite-positive. In March, 1952, mnnite-negative strains were 
observed from Korea for the first time. The subsequent monthly fluctuation in the ratio 
of mannite-positive to negative types is summarized in Table XXXIII. 


An annual average of 15% of mannite-negative strains were found in this previously 
homogeneous group of dysentery bacilli. The incidence calculated from March (when they 
first appeared) was 25%. There was a marked rise in incidence during July and August. 
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Table XXXIII. Mannite-Fermentation in Korean Strains of Sh. flexneri ) 
Sh. flexneri h Jane Feb. Mar. Apr. July Aug. Sept. Oct. Nov. Dec. Total 


Mannite pos. 105° BBs ae 26 10 9 5 66 58 8 610 
3 1008 100% 92h 79% 6h 29% 72h 766 867% 86a 85% 


Mannite neg. fe) 0 11 7 12 22 2 21 21 11 107 
% O% 0% 2 » SIR TAR os OE 2h = 6S OK 15% 


Non-Specific "X" and "Y" Strains - During 1952, h strains from Japanese patients 
were found to react in an atypical non-specific manner. Agglutination occurred only in 
"X" and "Y" serums, Biochemical reactions were consistent with the Sh. flemeri pattern. 
Indol formation varied with colony morphology; translucent colonies were indol-negative; 
opaque colonies were indol-positive. Thermolabile antigens were absent and group factor 
"3" was present. No specific factors could be demonstrated despite passage on several 
media. It is possible that these strains were Sh. flexneri 2b variants, since the 1952 
Japanese epidemic strains were predominantly 2b. 


Agglutinins in Shigellosis - Although agglutination procedures for Shigellosis 
have not been found useful as an aid in diagnosis, the antibody response is of acne 4 
interest with relation to specific and group antigenic factors in the causative agent 47), 
During 1952, the serum of 60 patients was examined for agglutinins for Sh. dysenteriae 1 
and 2 (ambigua), flexneri la, lb, 2a, 2b, 3, ha, 5, 6, "X", "Y", and rabaulensis, Sh. boy- 
diil, Sh. sonnei, A-D 1, 2, 3, and h, and, in each case, the homologous strain isolated 
from the patient. The homologous strains included Sh. flexneri lb, 2a, 2b, 3, ha, Sh. son- 
nei, and Sh. dysenteriae 2. Repeat serums were obtained at weekly intervals on 2 pa-~ 
tients, while etncis specimens of early convalescent sera were tested on the remaining 

18 patients 8 


Homologous strains and stock antigens reacted to approximately equivalent titers. 
In the case of Sh. flexneri 2a infections, however, 3 out of 5 cases showed a higher 
titer (l-fold) In tests with the homologous strain then with the stock strain. Specific 
type and heterologous titers did not follow a consistent pattern; the highest titers 
occurred with Sh. flexneri variant "Y", rabaulensis, and A-D 3 antigens. The latter ob- 
servation was unexpected, and may indicate presence of coliform agglutinins in the serum. 


The results with type specific antigens showed that the major antibody response in 
Shigellosis caused by Sh. flexneri is associated with group factors rather than specific 
factors. The level of response with type specific antigens was slightly lower than has 
been previously reported. This is believed to be due to the use of test suspensions 
. prepared from antigenically complete strains with group factors possibly less accessible 
than was the case with stock antigens used by earlier investigators. Since it was assumed 
that the virulence of Shigella infections is associated with type-specific factors, this 
response to group antigens was unexpected. 


Atypical Shigella dysenteriae - A large group of organisms which reacted with 
Shigella flexneri grouping serum, but not with type-specific serum, constituted a major 
problem in identification, These strains were referred to in 1951 (7) as possessing 
antigenic factors in common with the A-D and the Sh. cysenter ac groups. Detailed 


classification studies, including cross-reactions and absorptions are shown for 3 rep- 
resentative strains. 


Strains 891, 2199, and 3162, isolated from dysentery cases in Korea, were nonmo- 
tile, gram-negative rods, forming indol and fermenting glucose, trehalose, maltose, 
arabinose, xylose, and sorbitol with acid but no gas. Thirteen additional sugars were 
not fermented. The strains were urease-negative and did not utilize citrate as a sole 
source of carbon. Principal serologic reactions in addition to Sh. flexneri, occurred 
with Sh. dysenteriae 1 and A-D 1. A cross-relationship between the A-D group and the 
Sh. dysenter ae has long been known, however, fermentative reactions of these organisms 


Punter | ate 


eee ore 


differentiate these strains. Using both heated and unheated antigens antisera were 
prepared and tube agglutination tests done with cross-reactions as shown in Table 
XXXIV. The cross-reactions indicated strains 891 and 299 to be closely related. 
Strain 3162 displayed a thermolabile blocking antigen, which when removed by heating 
allowed significant cross-reactions with 891 and 2499. Each strain showed weakly 
antigenic thermolabile blocking antigens. These factors were not uniform in struc- 
ture, since unheated 21,99 agglutinated to titer in 891 and 3162 sera of both types, 
while 891, unheated, did not. Strain 3162 had a blocking antigen which was reactive 
with the heterologous as well as with homologous sera. Cross-reactions with Sh. dys- 
enteriae were strong with 891 and 3162, but weak with 2499. Antibody to the latter, 
prepared with heated antigen, did not react with Sh. dysenteriae. 


Table XXXIV. Serologic Cross-Reaction of Strains 891, 299, and 3162 
in Terms of Reciprocal of Highest Positive Dilution 


Antigen 


3162 Unheated 
Unheated 
dys 


2499 Unheated 
4-D 1, Heated 


891 Unheated 


2499 Heated 
3162 Heated 


891 Heated 
Sh. dys. 1 


891 Unheated 
891 Heated 
2499 Unheated 160 5120 5120 £5120 320 1280 160 320 ho 2560 


18 


5120 5120 5120 160 640 1280 2560 5120 5120 
5120 5120 5120 160 5120 Ke) ho 5120 5120 


299 Heated w: Sted. Sa": Sige 80 320 - - 2560 2560 
3162 Unheated ho 5120 5120 5120 2560 5120 320 128 2560 2560 
3162 Heated 40 5120 320 5120 5120 5120 80 80 2560 2560 


Heterologous absorption (Tables XXV, XXVI) of 891, or of 3162 antiserum by one 
of the three antigens heated resulted in removal of Sh. dysenteriae 1 and most of 
A-D 1 antibody. Unheated antigen failed to absorb A-D l antibody. The heterologous 
reactions indicated strains 299 and 3162 differ in some antigenic factors. 


Table XXXV. Titers of the Serum Prepared Against 891 Unheated 


Test 
Antigen 


1 
3 3 . aga Ss 
bs % % ae) od oo oo 
ic @ © 3s He as ao ri © 
83 a ‘tk a Aa As 
real eo G| oz 1a | 
@ faa ron’ e ° 
Antigen heed esd “ ry id 


Unabsorbed serum 80 5120 5120 # 5120 160 6,0 1280 2560 5120 5120 
Absorbed with: 


Sh. Gisent crise pied “S120 (Bi20 S120 260 6L,0 ~ - 2560 5120 


i ate 
A -D1, heated 5120 2560 1280 2560 320 5120 - 2560 
Sh. dys. 1 and 80 1280 2560 128 160 640 - - 

A-Dl 

heated 
2499 unheated 80 320 > - 80 - - - 160 160 
2499 heated - ie) - ~ - - - - - - 
3162 unheated 160 160 160 Lo ~ - - - 160 i) 
3162 heated 89 320 320 °& 160 - - - - - - 
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Table XXXVI. Titer of Serum Prepared Againse 3162 Unheated 


' 
3 ) "5 
© nd © 4 + 
» © aed Lol 
: ° ag Sana _ ° oe eles ag “ae 
8% tr 82 ® 83 tr os 3 © © 
» » td =) © » Ay, Ay 
i er seat wei Steere sellogee’ wast aan co 
Absorbing =i po nA Sa + Fl al 4 qangs 
Anti n mY rm so to (q¥) MN n a 


Unabsorbed 2560 5120 ho 5120 5120 5120 320 1280 2560 2560 
Absorbed with: i 
Sh. mepetartes 1 5120 5120 - 2560 128 5120 - - 2560 2560 


~~“unhea 


A -D1, heated 1280 1280 ho 128 2560 1280 hO 1280 - 

Sh. dys. 1 and ho 60 4O 86640 3320S 1280 - ~ - - 
A - D1 heated 

891 unheated - 0 - - - - ~ - - - 

891 heated - - - - - ~ = = - - 

2499 unheated 80 80 60 - - - - “ - - 

2499 heated - ~ - ” - ~ ~ - - - 


The unknown organisms are closely related to both Sh. dysenteriae 1 and A-D 1. 
They are not identical with either species, and in that respect are consistent with 
their behavior biochemically, wherein they are also intermediate between the two strains. 
Until further information can be obtained, the strains have been designated as represen- 
tative of a large group of Shigella-like organisms intermediate taxonomically between 


Sh. dysenteriae 1 and A-D-l. 


Antibiotic Sensitivity of opeee Strains from Japan and Korea - Periodic 

checks of an otic sensi y ° e principa ge ypes occ g in the Far 
East were made to detect the appearance or rise in incidence of resistant strains. 
In March, 130 strains and in December 150 strains from both Japan and Korea were tested 
for antibiotic sensitivity. Antibiotic was incorporated in agar plates in graded dilu- 
tions, and seeded with freshly isolated cultures. Absence of visible growth was used as 
the endpoint of sensitivity. Table XXXVII summarizes the results, 


Table XXXVII. Geometric Mean Value of Inhibiting Levels of Antibiotic for 
Fresh Shigella Strains 


No. Chloromycetin Aureomycin Streptomycin Te in 
Organism Tested meztal acz/mt meg /ml robey 


ml 

Sh. dysenteriae 1 3 2.5 15 6.2 367 
Sh. dysenteriae 2 14 2.5 10.7 9.5 33 
Sh. Plomert Ta 22 265 14 05 3.5 
Sh. Tlexneri 2a 52 2.5 1h 8.9 325 
Sh. flemeri 2b Lh rary b 13 7.0 3.5 
Sh. flexneri 3 18 2.6 13 7.7 3.5 
Sh. flemeri 75 3 14 8.2 3.5 
» flexneri 5 73 2.6 14 8.5 3.5 
Sh. Tlexneri nye 1 3.8 15 75 2.5 
Sh. flexneri ny” 8 2.5 13 8.3 33 


The differences observed between the March and December readings were not signif- 
icant. A slight increase in resistance to streptomycin and terramycin was noted in 


December. The sensitivity to chloromycetin and streptomycin was relatively unaltered 
in a comparison with results of tests in 1951, but a definite increase in resistance 
to aureomycin and terramycin occurred during that time. In 1951, 3h strains of Shi- 
gella were inhibited at from 5 to 10 mcg. of aureomycin per ml. of medium; in 1952, 
the geometric mean values varied from 11 to 15. Terramycin in 1951 was inhibitory 
for Korean Shigella in concentrations averaging 2.5 mcg/ml; the mean inhibiting value 
in 1952 was 3.5 mcg/ml. 


PHASE VARIATION IN SHIGELLA FLEXNERI 4: The phenomenon of phase variation in 
Shigella was first described in detail by Boyd lis} in 1938, It has usually been 
alluded to as dissociation due to prolonged culture on artificial medium, not of im- 
portance in affecting the results of serologic typing of Shigella, not widely observed. 
Experience with the Sh. flexneri epidemic referred to earlier in this report showed 
that phase variation occurs very quickly, if not in fact in the patient. 


In 1951, phase B was first recognized in a strain of Sh. flemeri ) from Korea, 
when colonies being checked for identity failed to agglutinate in any but flexneri 
ny" serum*, Additional specific colonies of strains of flexneri ) were plated from 
fresh isolates and subcultures were checked for phase. Less than 5 percent of the 
colonies reacted in "Y" serum. 


Five to ten strains from each lot of cultures were plated on MacConkey's agar. 
Ten to 20 colonies were subcultured on tryptose agar slants, and each slant culture 
typed with specific and "Y" serum. Three types of reaction occurred: agglutination 
in "Y" serum only, in type-specific only, and in both type-specific and "Y". 
Subcultures of those strains which agglutinated in A and B serum repeatedly yielded 
A or B phase colonies and occasional AB reactors, but no pure AB strain was ever 
secured, It was concluded that all specific reacting colonies, regardless of whether 
or not they reacted in non-specific serum as well, should be classified as "specific 
phase"; non-specific applies only to strains failing to react in phase A. A true 
biphasic strain - i.e., one that on continued subculture reacts as an AB, was not 
found among the several thousand strains tested. Contrary to reports of Wheeler and 
of Boyd, no morphologic differences between A and B phase colonies were seen. Var- 
iants occurred, but they were not related to phase. 


Incidence of Phase Variation in Fresh Isolates of Shigella flexneri ) - 
Nineteen ieee total Ting 17, Stratus oF Si. Placusrt U 2POR Taree WGle Saaainey Hatiiedh 
February and August, 1951. Strains were received on original KIA slants, plated to 
MacConkey's agar, and then to slants. The number of strains in which phase "B" 
occurred was determined, together with the total number of "B" and "A" colonies re- 
covered. Table XXXVIII summarizes the findings and illustrates fluctuations occurr- 
ing in the Sh. flexneri population. Initial observations revealed up to 8% of 
colonies in phase B in one group of cultures, and over 80% of strains showing dissoc- 
iation on first subculture, The parallel between the number of strains yielding 
phase "B" colonies and the percentage of phase "B" colonies is consistent with the 
assumption that dissociation is a genetic function. The incidence of dissociation fell 
as summer progressed. The dissociation rate for the season was 10.0% of total colonies 
examined, Of these strains 4.2% were in the specific phase. 


One hundred four strains from Korea were tested in groups of 5 during the period 
from May to December. Again 10 colonies were picked for each strain when the culture 
was plated from its initial KIA slant. Seventy (67%) reacted only in the specific 
phase, and 3) (23%) yielded phase "B" as well as phase "A" colonies. A significant 
drop in the number of strains growing in both phases was noted, in contrast to those 
found in 1951. The percentage of pure phase "B" colonies was correspondingly reduced 
(4.2% in contrast to 10.0% noted in 1951). 


% "Y" was at this time prepared from nonspecific ha, absorbed with "X", 
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Table XXXVIII. Phase Dissociation in Freshly Isolated Strains of Sh. flexneri 
from Korea During February to September, 1951 


Total % of Total 
Colonies Total Total % of Pure Strains Strains 
Total Checked Colonies Phase "B" Phase "B" Showing Showing 
Lot No. Strains per Strain Checked Colonies Colonies Phase "B" Phase "B" 


1 Lyi 10 170 o 5 2h 8 47% 

2 17 10 170 9 5.2% 8 7% 

3 5 20 100 18 18.0% 2 0% 

k 5 10 50 2k 1,8.0% 5 100% 

5 10 20 200 kl 20.5% 8 80% 

6 9 20 180 53 30.0% a 174 

7 10 20 200 8 5.0% 5 50% 

8 8 20 160 20° 12.5% 4 50% 

9 £e | 20 180 26 oh:% 7 77% 
10 9 20 180 10 55% 5 55% 
11 9 20 180 16 8. 8% 3 33% 
12 12 10 120 k 323% k 33% 
13 5 10 50 7 Ae, 4 2 0% 
ly 6 10 60 6% 2 33% 
15 6 10 60 k 6.6% 2 33% 
16 8 10 80 2 265% 2 25% 
17 19 20 380 8 2.1% 2 10.5% 
18 k 10 Ke) 1 2.5% i 25% 
19 6 20 120 k 303% 1 16.6% 

Veo VO@~e 
Total 17h 25h0 268 10.0% 78 45.8% 


and Ave. 


A qualitative difference between Korean and Japanese strains of Sh. flexneri was 
noted, in that 10 strains from Japanese, subcultured 20 generations with test of each 
subculture, for a total of 2,000 colonies, showed no dissociation. Subsequent strains 
obtained in Japan were also monophasic. This distinction is a striking example of 
regional variation among Shigella types. The manophasic Japanese strains were mannite- 
negative, while the Korean strains fermented mannite. 


In addition to establishment of the incidence of phase variation on primary cul- 
ture, a small series of cultures was carried through successive generations with sub- 
culture in specific, mixed, and non-specific phases. The specific phase was recovered 
from mixed and, rarely, from seemingly completely non-specific strains. It is assumed, 
in keeping with Boyd's hypothesis, that these "non-specific" strains harbored undetected 
specific elements. In a certain percentage of colonies, non-specific variants appeared, 
but the dissociation rate appeared to reach a maximum level, usually at between 25% and 
30% of the colonies picked. No authentic instance of reversion from pure phase B to 
phase A was noted among all Sh. flexneri ) strains studied. 


Phase variation in other types, notably Sh. flexneri 2, 3, 3-X, l-¥, and 1-3, was 
noted in small numbers of strains during this period. The mechanisms controlling these 
variations may differ qualitatively from those observed for Sh. flemeri ha. 


Sh. flexeri Phase Variation and Mannite Fermentation - The major part of 
this study was carried out from September to December, 1952, during which time the first 
mannite-negative strains from Korea were being studied, and a comparison of phase be- 
havior of mannite-fermenting and non-fermenting strains from Korea was made. Table 
XXXIX summarises the results of observations over a l; month period. 


Out of the 81 strains tested for phase relationship during this h-month period, 
9 were mannite positive, and 32 were mannite-negative. Sixty nine of the 81 strains { 


were in the specitic phase. Of these, 1 were from mannite-positive strains, while 28 
were from mannite-negative strains, This seems to indicate a preponderance of specific 
phase strains among the non-marmmite fermenters. 


Table XXXIX. Sh. flexneri Phase Variation in Relation to Mannite- 
ermentation: Korea, 1952 


Sept. Octe Nov. Dec. Total 
% of 2 of %Z of % of % of 
No. Total Wo. Total No. Total No. Total No. Total 
Total Strains Received 7 87 79 19 192 

Mannite-positive S78 GOS 75. SO TN BS AT 
Mannite-negative 2 28% 21° Gu cee 21 OK 1 STS 55 28.7% 
Strains Tested for Phase 5 4% of St oF 90> Sor 9 £ of 81 £ of 
Total Total Total Total Total 
Tested Tested Tested Tested Tested 

Total Specific 2 Log 35 94.5% 25 83.34 7 177% 69 85.1% 
Total Non-specific 3 60 ae Se ete. ee 12 14.9% 


Mannite-Positive Strains 


Total 4 27 15 3 L9 

Specific Phase o SOR eh" 92 Se 84s Ob. OR 1 get ld Cee 

Non-specific Phase 2 50% 2 7.55 2 13.16 2 6% 8 16.h¢ 

Mannite-Negative Strains 

Total Ree ef IO FS et 15 sof 6 & of 32 £ of 
Total Total Total Total Total 

Specific Phase fe) ° 10 1008 12 68% 6 100% 28 87.54 

Non-specific Phase 1 - e) 3 20% 0 h 12.5% 


Phase Variation in Successive Generations of Sh. flemeri 4 - A study was made 
of phase behavior ng ser passage o 8 ns, including which had been held 
in semisolid tryptose-phosphate agar under sterile mineral oil at room temperature for 
several weeks, and 1) taken from KIA slants at time of primary isolation. The effect of 


serial passage on phase with reference to mannite fermentation is summarized in Table XL. 


Table XL. Phase Variation and Repeated Subcultures of Sh. flexneri 


Mannite-Positive Mannite-Negative 
No. of No. of gen- Specific Non-speci- Specific Non- 
Strains erations Only Biphasic fic Only Only Biphasic Specific 
6 18 2 hk 0 
3 5 0 0 3 
15 5 0 15 fe) 
9 10 9 0 0 
2 5 2 0 0 
35 2 19 3 12 
Total colonies checked for phase variation: 510) 
No. colonies in specific phase: 4602 (90.1%) 
No. colonies in non-specific phase: 502 (9.9%) 


Thirty strains from Korea, from Ryukyus, and 1 from Japan were included. Of the 
manmnite-positive strains, 20 were from stock cultures and four were fresh isolates, all 
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from Korea, Of the mannite-negatives, 10 were fresh isolates and one from stock cul- 
ture. Of these 6 were from Korea, ) from Okinawa, and one from Japan. 


Of 13 strains in the specific phase only for 5 to 18 generations, 11 were mannite- 
negative. None of the mannite-negative strains yielded non-specific phase organisms 
even after being held in stock culture, in contrast to the | biphasic mannite-negative 
strains shown in Table XXXIX. All but two mannite-positive cultures split off non- 
specific colonies. The two which did not were fresh isolates. Two other fresh mannite- 
positive isolates were consistently biphasic. Of 502 non-specific phase colonies, 161 
were recovered in the first plating of the strain from stock culture. There was no 
increase in proportion of non-specific colonies on serial passage of these strains. 


Discussion = Phase variation is a consistent characteristic of the mannite- 
positive Shigella flemeri Korean strains. Approximately half of the initial isolates 
showed biphasic or phase "BY as well as phase "A" colonies. After 10 to 18 subcultures 
the biphasic strains increased to 90%. A small group of monophasic specific mannite- 
positive cultures persisted as such despite repeated transfers. The mannite-negative 
strains did not dissociate during serial transfer, with the exception of strains en- 
countered during the last months of 1952 in Korea, These were the first such strains 
observed in the Far East. 


From the practical aspect, phase variation in Shigella flexneri is important in 
that it offers a constant source of error in serologic typing because of the great var- 
bation in cross reactions of the non-specific phase. The non-specific variant is less 
virulent for mice but slightly more resistant to antibiotics (7). Strains in the spec- 
ific phase are customarily expected in dysentery infections. Our results indicate that 
the non-specific phase may occur in fresh isolates along with the specific phase. 


THE GROUP FACTORS OF SHIGELLA FLEXNERI  - The confused early history of serologic 
study of Shigella due to lack of understanding of group and specific factors, was clar- 
ified by Boyd's concept of type and group-antigens in the eepanent groupe Weil, Far- 
setta and Knaub confirmed this observation (50), Wheeler proposed a total of 9 
group factors to characterize Sh. flexneri in addition to type specific factors. Of 
these, "1" is supposedly present in all strains while 7, 8, and 9 are a closely linked 
set of factors characterizing Sh. flexneri 3. 


During 1951 and 1952 it became increasingly evident that use of type specific anti- 
gens did not effectively differentiate epidemiologically distinct strains of Shigella. 
Group factor antisera of the flexneri series Bye therefore prepared following chiefly 
the interpretation of Wheeler and of Madsen (52), 


(1) Factor "3"; Antiserum for Shigella flexneri "Y", a non- 
specific phase of Sh. flexneri 2a (Strain 5-72) was absorbed 
with Sh. flemeri "Y¥", EW-1678, a variant lacking factor "3". 


(2) Factor "3" and "4" (mixed): The original serum was the same 
as used for factor "3", but when absorbed by Sh. flexneri "xX" 
EW-1677, factors "3" and "" both remain, This serum is the 
complete non-specific phase for study of phase B for flexeri 


(3) Factor ")", "12": A provisional new group factor is proposed 
(see below). Sh. rabaulensis antiserum, prepared against a 
strain from the Army Medical Service Graduate School was ab- 
sorbed with Sh. flexneri "Y" ES 827-B, a non-specific phase of 
Sh. flexneri Ga. Despite painstaking attempts, no pure factor 
Wy" has been demonstrable up to this time. Factor ")" must 
then be determined by "3, 4," and ", 12" antisera, 


Five different strains of "Y" variant and Sh. rabaulensis were used in attempts to 


prepare pure group")" antibody. Strains EW-1678 (Army Medical School) and rabaulensis 
(Army Medical School) contain factor ")" plus additional distinct provisional factors. 
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Strains ES-388, ES-72, and ES-129B each contain at least "3" and "\", In each in- 
stance, cross-absorption to produce a pure group ")" antibody resulted in absorption 
of group factor "" or persistence of the provisional factor "12%, The conclusion 
was reached that factor "" was incompletely characterized by Boyd, Wheeler, and 
others who have reported on its use, 


(4) Factor "6"; Antiserum for Sh. flexneri lb, strain ES-53, which was 
isolated in this laboratory in ISL from a Japanese, was absorbed 
with Sh. flexneri variant "Y" ES-129B, and by Sh. flemeri la Army 
Medical School. =e 


(5) Factor "x" (*#7", "6", and "9"): This complex is not usually separ- 
ated, and in fact the three factors are closely related. An anti- 
serum for Sh. flexneri "X", EW-1678, was absorbed with Sh. flexneri 
"Y" to produce the series of factors. 3 i: 


Provisional New Group Factors - Wheeler and Madsen each indicated that not all 
possible factors were sharectertsed In their descriptions of group factors. During 
14 months of investigation of Sh. flexneri types, with emphasis chiefly on type h, anti- 
genic differences associated with differences in mannite fermentation were noted. A 
series of additional factors were derived and designated in the same manner as those 
of Boyd and of Wheeler. 


(1) Provisional group factor "10": Antiserum for a non-specific phase 
of Sh. flexneri ha, isolated here from a Japanese in 1949 (strain 
129-8) was absorbed with Sh. flexneri "Y" strain ES-72. 


(2) Provisional group factor "11"; Antiserum for Sh. flemeri variant 
my", 827B, a non-specific phase of ha from CDC, was absorbed with 
Sh. flexneri "Y", 129-B. 


(3) Provisiomal group factor "12": Antiserum for Sh. rabaulensis, Army 
Medical School, was absorbed with Sh. flexneri variant "Y", strains 
129-B (13) and 827B. Although factors "* and "12" have not been 
successfully separated to yield "", the converse manipulation was 
possible. 


(4) Provisional group factor "13": Antiserum of Sh, flemeri variant 
"y" strain 1678, absorbed with Sh. flemeri variant "¥" [29B, 


(5) Provisional factor "1": Antiserum of Sh. flexneri "Y" Army Med- 
ical School absorbed with Sh. flemeri variant *Y*, 1298. 


The fact that different reproducible factors can be regularly derived from strains 
of Sh. flexneri , phase B indicates that although they are heterogeneous, type  organ- 
isms can be segregated in a systematic fashion by detailed group factor analysis. 


Differentiation of Sub- s of Sh. flemeri lh - Sh. flexneri ha, as described 
by Boyd, Wheeler, Madsen, Ewing es) and others, contains type specific factor in the 
specific phase and no specific antigen in the non-specific phase. This type was des- 
cribed as mannite-fermenting (54) with occasional exceptions noted by Ewing. Sh. rab- 
aulensis (Sh. rio of Weil et al) (55) was described by Madsen as a mannite-negative 
type 4, containing group factor "3", and probably equivalent to type ha. The Subcom- 
mittee on Nomenclature of the Enterobacteriaceae, however, accepted it as Sh. flexneri 
le, and it is generally so designated. Positive xylose-fermentation distinguishes this 
type from Sh. flexneri ha. 


Sh. flexneri hb is characterized by group factor 6. It has not been observed in 
over 2100 strains of Sh. flexneri 4, each of which was checked for group factor n6r, 


When it became apparent that variation in mannite fermentation permitted desig- 


nation of major categories of Sh. flemeri not consistent with the current differ- 
entiation of types ha and kc, and when differences in phase behavior between mannite- 


av3. * 


positive and mannite-negative strains were observed, group factors were determined, 
The factors described above were applied to a large series of freshly isolated Sh. 
flexneri strains. A definite taxonomic arrangement was evolved. The categories 
recognized are summarized in Table XLI. 


Table XLI. Antigenic Structure and Reaction Patterns of Sh. flexneri } 


Designation Found In Mannite Phases Occurring Group Factors 
ag" Japan Negative Specific (3b) - - = ©'= 
Non-specific 3, 4,10 - ~ 
Korea Positive Specific 3,(u) - - - « 
Non-specific Jaen «2 a es 
bad «Sd Korea, Ryukyus, Negative Specific - - = ll, - - - 
Japan Non-specific - kh, - 11, 12, - - 
non (*he® of CDC) Positive Specific 3,4, - -- l2,- - 
Korea or Non-specific 3, 4, 10, = 12,- = 
Negative 
wpe Philippines, Positive Specific 3, 4,(10) - (12)(13) 1b 
Korea, Ryukyus or 
Negative 


( ) = factor sometimes absent in this phase. 


Subtype "J" is almost exclusively found in Japan and is mannite-negative. An 
antigenically similar form found in Korea is mannite-positive. The specific phase may 
fail to react with any group factors or may react with factor "3". In what has been 
designated intermediate form, factor appears. The non-specific phase shows "3", 
"", and "10" factors. 


Subtype "R" is always mannite-negative. The specific phase shows factor "11", 
Factors "" and "12", in the non-specific phase, are distinctive. It was first rec- 
ognized in cultures from Korea in 1952; since then it has been found in the Ryukyus 
and in Japan. The non-specific phase of a stock strain of Sh. rabaulensis contained 
these same group factors. For this reason it appears that Sh. rabaulensis is actually 
a variant of Sh. flexneri ha. 


Subtype "C" has factor "12", but lacks factor "11". Mannite may or may not be 
fermented. The Shigella described as he by the Committee on Nomenclature probably 
belongs here. 


Subtype "P" is characterized by its possession of Factors "13" and "1", Other 
group factors are usually demonstrable. Only the specific form nas been observed 
thus far, and dissociation does not occur. This sub-type was first recognized in 
Korea. Factor "1" is always demonstrable in Sh. flexneri 2a, which fact has finally 
explained numerous discrepancies in identification attempted with incompletely ab- 
sorbed specific serum. Thus She flexneri 2a would be identified as Sh. flexneri 4 
due to cross-reaction in type-specific serum. 


The distribution of sub-types according to the patterns described is as follows: 
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Total Strains ceccccscccccccccscccecccccccecees 216 
Subtype "J" (factors 3,4,10) eescevee 92 
Subtype "R" (factors 411,12) eccccee 95 
Subtype "C" (factors 3,4,10,12) weece 9 
Subtype "P" (factors 3,l,10,12,13,1h) 20 


Group Factors and Phase Variation in Sh. flexneri ) - The phase variation was 
reviewed in terms of group factors. “positive strains from Korea were shown to 
exhibit factor "3" in the specific, and "3", "", "lO" in the non-specific phase. When 
colonies showing only factor 3 were plated in successive subcultures, no non-specific 
phase colonies were found in 8 generations. This finding establishes a relationship 
between phase variation and group factor content. Subsequent observations indicate that 
the degree of dissociation varies directly with the intensity of positive reaction to 
factor "10" antiserum, 


Mannite-negative Sh. flexneri from Korea, Japan, and Ryukyus all exhibited only 
factor "11", No reaction in "Y" occurred. After prolonged subcultures, these strains 
still reacted only with specific serum, indicating that factor "11" is not associated 
with prompt dissociation. A pure non-specific phase was artificially derived for this 
strain. It contained factors "", "11", and "12", 


SALMONELLA TYPES IN JAPAN AND KOREA DURING 1952: There were 278 strains of Sal- 
monella identified from Korea during 195°, as contrasted with 937 strains identified in 
1951. These strains were chiefly from stool cultures; however, 37 strains from blood 
cultures were received, all from Korea. In Japan, 25 strains were recovered from Amer- 
icans and 3 were isolated from Japanese nationals, 


Stools and rectal swabs were plated on SS agar, and appropriate colonies trans- 
ferred to Kligler's Iron Agar. In Korea, Kauffmann's modification of tetrathionate 
broth was effective in enrichment cultures. Organisms positive for indol and/or urease, 
and those fermenting lactose, sucrose or salicin were discarded. Motility was deter- 
mined and phases separated in semisolid tryptose agar. Polyvalent "0" Salmonella serum 
was used to eenest probable strains, and fenplete typing was performed using the methods 
of Kauffmann and Edwards and Bruner (57), Resume of findings is presented in 
Table XLII. 


The rate of Salmonella infection in Japan, among Americans and among Japanese, was 
noticeably lower than in 1951. Of 25 strains recovered from Americans 12 were Sal. ty- 
phimurium. Among strains usually regarded as potential causes of enteric fever, only 
Sal. paratyphi A was encountered. Types not previously recorded from Americans in 
Japan inc Sal. branderup, thompson, puerto-rico, grost rue. meleagridis, and welt- 
evreden. No Group D strains were found and no case of typhoid fever in an American 
reached the attention of this laboratory. It is interesting to note that with the rel- 
atively sparse Salmonella flora observed, the 11 types noted include 6 which did not 
appear in Korea. 


The Korean strains showed a predominance of Group D, with Sal. enteritidis and 
Sal. blegdam most important. The latter type was the principal agent in the enteric 
aot ate tn the POW camps, and has never before been reported in a large epidemic. 
Of the Sal. typhi strains, 11 were Vi-positive and 5 were Vi-negative. Paratyphi A 
was svier Toate Taportent and appeared with explosive abruptness at intervals. The 
relationship of Sal. atyphi C and of Sal. choleraesuis is of taxonomic and epidem- 
iologic interest. Sal. para zehi C strains are known to vary in behavior with regard 
to phase, HoS formation, and fermentation of trehalose and arabinose. The relationship 
of the strains is shown in Table XLIII. 


The predominant form of Sal. Ree eEe C was the HoS, trehalose, and arabinose pos- 
itive. Six of the HS positive an of HB negative = ae fermented only one of the 
two sugars. No ptoetne were negative in both sugars. 
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Table XLII. Incidence of Salmonella Types by Geographic Area 


Japan Korea 
Americans Japanese 
Group NO. % No. % No. % 
A Sal. paratyphi A 2 66 65 23-4 
Sal. paratyphi B(VJava ) 1 0.4 
B Sal. paratyphi B 2 8.0 a 33 18 6.5 
Sal. san diego 1 4.0 
Sal. typhimurium 12 48.0 9 33 
Sal. paratyphi C vi / 10 3.3 
Sal. paratyphi C Vi - 29 10.k 
Sal, choleraesuis 1 0.4 
Sal. branderup 2% 8.0 
Cy Sal. montevideo 1 4.0 \ 1k 
Sal. thompson 1 4.0 
Sal. oranienburg 2 Ae) 7 2.5 
Sal. bareilly 3 pS E 
Sal. tennessee 2 0.4 
Sal. muenchen 1 4.0 
Co Sal. puerto rico 1 0.4 
Sal. glostrup i 4.0 
Sal. typhosa Vi / 11 3.9 
Sal. typhosa Vi - 5 1.8 
D Sal. enteritidis be. a 
Sal. blegdam 58 20.9 
Sal. pullorum 1 0.4 
Sal. meleagridis 1 4.0 
El Sal. weltevreden 1 4.0 
E3 Sal. senftenberg 2 0.7 
G Sal. atlanta 2 0.7 
Sal. worthington i 0.4 
Total 305 25 3 278 


% One strain recovered from an American on Okinawa 


EVALUATION OF SHIGELLA TYPING SERUM: At the request of the Immunology Division, 
AMSGS, Shigella typing serum produced by the Communicable Disease Center of the U.S. 
Public Health Service was evaluated. The sera were not as highly absorbed as those 
currently being issued by AMSGS, and cultures of Shigella and the Alkalescens-Dispar 
Groups were provided for use in further absorption if this should be indicated. 
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Table XLIII. Phase and Cultural Patterns of Sal. paratyphi C and Choleraesuis 
No. Of 


Strains Phase HS Trehalose Arabinose Vi Vi - 

Sal. paratyphi C 25 Diphasic Positive Positive Positive 7 18 
Sal. paratyphi S F Diphasic Positive Positive Negative 0 1 
. para Diphasic Positive Negative Positive 1 
Sal. paratypni © 6 Diphasic Negative Positive Positive 3 3 
Sal. para c 1 Diphasic Negative Positive Negative 0 1 
Sal. pecesene t 1 Diphasic Negative Negative Positive 1 0 
al. choleraesuis 1 Diphasic Positive Negative Negative = - 


var Runzendorf 


Sera from CDC, the AMSGS, and this department were compared, using chiefly the slide 
agglutination technique. After comparing the sera with stock strain antigens, they were 


tested on a series of 21 recently isolated strains of Shigella. Since thermolabile non- | 


specific blocking antigens have frequently been encountered in Shigella in the Far East, 
this factor was taken into account by testing a series of antigens before and after 
heating in boiling water bath for 20 minutes (58), (59), 


Sh. dysenteriae sera, types 1 through 7, were tested with stock strains of all types 
of Sh. dysenteriae, flexneri, boydii, sonnei, and A-D 1-l. With antigens of Sh. dysen- 
teriae rough 7, reactions were essentially specific with Sh. oe sera ia 
all 3 sources. When Sh. dysenter ine sera were tested against stock strains of the flex- 
neri and boydii groups, an th sera showed no reactions with any flexneri Types, 

among the CDC sera, cross-reactions occurred with Sh. flexneri la, lb, Ib, 5 and "y", 
in some cases with unheated, and in other cases with heated antigens. Sh. boydii stock 
strains of types 3, 4, 5, 6 and 7 reacted with CDC but not with AMSGS or 1,0 enter- 
iae antisera. Similar cross-reactions occurred with the A-D group antigens in the CBC” 
dysenteriae sera. Thermolabile blocking antigens were present in the A-D group test 
Strains Sh. flexneri type sera, tested with the complete spectrum of Shigella species 
and types, showed the most extensive cross-reactions. CDC ha serum reacted with anti- 
gens of Sh. ays enters types, while AMSGS and 406th did not. Among the flexneri strains, 


CDC Sh. flexneri sera crossed with all flemeri types to an extent that made specific 
identification Impossible, Both AMSGS and [06th sera were specific for flexneri types. 


Sh. boydii sera were in substantial agreement from all 3 sources, as were Sh. sonnei 
sera. A-D sera for groups 1 through reacted specifically in the case of AMSGS and 
LO6th MGL, but a wide spectrum of cross-reactions was noted with CDC sera. 


Tests with 281 freshly isolated strains included Sh. flexneri la (16 strains), lb 
(3 strains), 2a (51 strains), 2b (7 strains), 3 (70 strains), 4 (71 strains), 5 (40 
strains), Sh. dysenteriae 1 (7 strains), Sh. dysenteriae 2 (3 strains), Sh. flexneri 
variant "Y" (2 strains), Sh. boydii 1 (2 strains), 5 (3 strains), 6 (1 strain), and 
Sh. sonnei (5 strains). Results were comparable to those obtained with stock strains. 
Oéth sera yielded virtually specific reactions; AMSGS sera crossed with several 
Sh. flexneri strains and in some instances failed to react with heated antigens. CDC 
Sh. flexneri sera were almost completely heterogeneous, and reacted with the whole 
Spectrum of Sh, flexneri types. With Sh. dysenteriae, boydii and sonnei sera, reactions 
were specific for all sources. 


Effective antisera could be derived from the CDC sera, after 3 absorptions. It is 
probable that group factors must receive particular attention if a specific, usable test 
Shigella flexneri serum is to be obtained. 


IN VITRO GROUP A STREPTOCOCCUS VARIATION ASSOCIATED WITH STREPTOLYSIN PRODUCTION: 
Variation of colony morphology of strep °F 855 s been described w relation to type- 
specific substance, virulence, and toxin ) However, the correlation of colony var- 
iation, cellular morphologic variation, and activity of streptolysin formation in deriv- 
atives of a single strain has apparently not been previously described, 
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Todd noted that certain group A strains, on continued subculture, gradually lost 
the ability to produce streptolysin "0", but retained the ability to produce strepto- 
lysin "S". Colony morphology did not, apparently, change during this progression. 


A strain of hemolytic streptococcus, 8668, acquired from the NRRL, showed two mor- 
phologic variants on plate cultures, Five percent of the colonies (designated 8668-L) 
were mucoid, smooth, from 0.5 to 3.0 mm, in diameter, and after 18 hours, showed a 
raised unbonate center. The remaining colonies (designated 8668-S) were smooth, domed, 
and from 0.2 mm. to 1.0 mm, in diameter. The 8668-L variants could be consistently de- 
rived from the 868-S form, but the reverse variation under the same conditions was 
never observed. Microscopically the 8668-L cells were uniform in size, gram-positive, 
and grew in distinctive long chains averaging 13 cells each. The 8668-S cells varied 
markedly in size, grew in a clumped formation, varied in retention of gram-stain, and 
grew at most l-cell chains. The two forms were completely distinctive microscopically. 
8668-L formed a uniform suspension in horse serum, in which 8668-S clumped heavily. 


When the two variants were tested for ability to form streptolysin "0", after 
varying periods of incubation in a modified Todd-Hewitt broth, a marked variation in 
Streptolysin "0" production was noted. Strain H l6-A, previously used for streptoly- 
sin production, was used as a control. Strain 8668-S formed hemolysis which was shown 
to be streptolysin "0" by appropriate neutralization test. The other variant, 8666-L, 
failed to form streptolysin "0". The reactions are summarized in Table XLIV. 


Table XLIV. Streptolysin sae? + apace of Streptococcus 
#8668 


Incubation Period 


at 37%. 8668-L 8668-S __H-l6-A (Control) 

, hours Approx. pH 6.0 70 12 
M.eHeD./ml* 0 320 8 

20 hours Approx. pH 5.6 6.0 602 
M.HeD./ml 0 6h 16 

48 hours Approx. pH 542 5.6 5.6 
MHD. /ml 0 16 16 


#* M.H.De = Minimal Hemolytic Dose 
#* Reciprocal of highest reacting dilution 


Streptolysin "S" was prepared by suspending cells from a 20-hour blood plate cul- 
ture in inactivated horse serum for 5 hours at 370C, followed by centrifugation. The 
supernatant fluid was titrated for streptolysin "S". Strains 8668-L and 8668-S both 
produced Streptolysin "S" with "L" reaching a titer of 32 MHD per ml. while 8668-S 
formed 16 MHD per ml, The identity of the hemolysin was ascertained by its failure 
to neutralize with antistreptolysin "0", indicating it to be streptolysin "S". 


Streptolysin "S' "was prepared by inoculating medium containing 1% yeast nucleic 
acid and incubating at 37% for 20 hours. Hemolytic activity and neutralization tests 
were performed with the supernatant fluid of the centrifuged broth culture. Both 
8668-L and 8668-S strains produced streptolysin "S'" active in a dilution of 1.8. 


Antibiotic sensitivity of the parent strain 8668-S and variant 8668-L were deter- 
mined by a cylinder cup method, using blood agar plates. Both forms were inhibited 
by .26 mcg. of aureomycin, 2.5 mcg. of chloramphenicol, and 50 meg. of streptomycin. | 
8668-L was inhibited by 0.025 u/ml. of penicillin, while 8668-S required 0.05 u/ml. 
for inhibition. Both forms fermented glucose, trehalose, sucrose, and salicin. Lac- 
tose, arabinose, raffinose, sorbitol, glycerol, mannitol, inulin, and starch were 
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unaltered at 21 days. Methylene blue milk 0.1% was not reduced, gelatin was not lique- 
fied, and milk was coagulated but not digested. 


LEPTOSPIROSIS IN JAPAN: At the request of Dr. Haniu of Hiroo Hospital in Tokyo, 
Japan, serum from a patient with a clinical diagnosis of Weil's disease was studied 
for leptospiral agglutinins. Twelve stock strains of speci. ss of leptospira covering 
a complete spectrum of antigenic components for the genus (AMSGS, 1952) were used 
as antigens. Screening was performed with 1:100 and 1:00 serum dilutions, followed 
by titration with those antigens reacting at the screening levels. Results are sum- 
marized in Table XLV. 


Table XLV. Serum Titers in Patient K , Hiro Hospital 


Titers: Days after Onset of Illness 


Antigen days _13 days 20 days _27_ days 39_ days 
L. ballum Neg. 13200 1:00 1:1600 1: 800 


L. icterchemorrhagiae Neg. Nege Neg. 1:100 1:200 
Ril other (10) strains Neg. Nege Neg. Neg. Nege 


The serologic picture was consistent with a diagnosis of leptospirosis due to 
Le ballum, which has not previously been reported from Japan (61), Rats trapped in 
the restaurant which was the probable source of infection were cultured. Two strains 
of L. icterohemorrhagiae were recovered, but L. ballum was not found. 


The only other human case of leptospirosis observed by this laboratory was that 
of an American soldier whose serum revealed an agglutinin titer rise for L. ictero- 
hemorrhagiae from O to 1600 in 13 days. . 


Table XLVI. Agglutinins for Leptospira in Patient S e 


Antigen 4 days 7 days 13 days 1) days 20 days 22 days 37 days 55 days 
L. icterohemorrhagiae Neg. 100 1600 1600 800 800 1,00 200 
L. canico Nege 100 100 100 100 200 50 25 
L. hebdomadis a. Neg. 100 200 400 - 200 200 50 25 


Tests for leptospiral agglutinations in cases of aseptic meningitis were conduc- 
ted on sera from files of the Virus Department, in continuation of a project carried 
on during 1951. Of 43 convalescent sera two, 52-735 and 53-1259, gave positive reac- 
tions. The titers of agglutinins with the interval after onset of symptoms are shown 
in Table XLVII. 


The two cases listed here were not clinically diagnosed as leptospirosis. The 
reactions of 53-1259, however, strongly suggested presence of leptospiral meningitis, 
which was reported from Okinawa in 1949. Case 52-735 was of questionable significance, 
but represents a possible case. 


Serum titers of these 2 cases varied from Case S » which represented a typical 


response to L. icterohemorrhagiae. The reaction pattern of 52-1259, with its slow ti- 
ter rise, resemble e response one would expect to observe if the actual infecting 


agent were some other related species of leptospira, rather than L. icterohemorrhagiae. 
In case 52-735, the tentative finding of L. akiyami-A infection was flies ed. 
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Table XLVII. Agglutinins in Sera of Cases of Aseptic Meningitis 


Titer and Time Intervals 


Case No. 9 days 16 days 26 days 
L. icterohemorr ilae 1:100 12200 1:00 
52-1259 L. canicola 1:100 1:100 1:100 
L. hebdomadis A 1:100 12200 1:100 


lst serum 2nd serum 


L. aki A 1:100 1:200 
52-735 L. neblonadis PI 1:50 12100 


In cooperation with the Entomology Department, rodent tissue was collected and 
inoculated into media; 10 strains of leptospira were recovered from the kidneys of 
147 rats trapped in the Tokyo and Kofu areas, during the winter and spring. Frag- 
ments of kidney tissues were planted in Fletcher's medium, incubated at room temper- 
ature or at 32 C. and observed at 10 and 28 days. Species of — in Tokyo included 
31 R. norvegicus and 3 R. rattus. In Kofu, 104 R. norvegicus, 8 R. rattus and 1 
Rattus sp. were taken. Five strains were recovered from each area, for a recovery 
rate of 14.8% in Tokyo, and 4.4% near Kofu. Only R. norvegicus yielded isolates. 
All of the strains, after adaptation to Schuffner's um, were identified serolog- 
ically as L. icterohemorrhagiae. Table XLVIII summarizes the serologic relationships 
observed in iso Se 


Table XLVIII. Agglutination Reactions of Leptospira Recovered 
From R. norvegicus in Kofu and Tokyo 


Titers in Antisera 


Strains Source L. icterohemorrhagiae L. canicola UL. akiyami A 


L. salinem S.V.T 


# 32 Kofu 1/25600 1/1600 1/800 1/1600 
# 69 Kofu 1/25600 1/1600 1/00 1/1600 
# 80 Kofu 1/25600 ae 0 1/800 
#94 Kofu 1/12800 1/3200 1/800 1/1600 
# 111 Kofu 1/25600 1/800 1/400 1/1600 
#39 Tokyo 1/25600 1/600 0 1/600 
#FJ11l Tokyo 1/25600 1/3200 0 1/1600 
# FJIlk = Tokyo 1/25600 1/3200 ) 1/3200 
# FJ22 Tokyo 1/25600 1/3200 ) 1/3200 
# ¥J29 Tokyo 1/25600 1/1600 1/200 1/800 
L. ictero: 1/51200 1/1600 1/400 1/400 
~ control 1 
L. ictero: 1/51200 1/1600 1/800 1/800 
control 2 


A completely unexpected result of this study was the recognition of two antigen- 
ically distinct groups, each of 5 strains of L. icterohemorrhagiae. One group po- 
mbled the classi 


sessed a common factor with L. akiyami A and rese classic description of 
L. icterohemorrhagiae Wijneberg « The other variety lacked the akiyami A factor 
Table shows the geographic variation in distribution, which may prove to be 


of epidemiologic significance. None of the rat strains gave the cross-reaction with 
Le hebdomadis A that was conspicuous with patient S » which was diagnosed as 

L. icterohemorrhagiae infection and the infecting agent in that case may have been 
antigenically Tistisctive from the rat strains described. 
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DEPARTMENT OF PATHOLOGY 


During 1952, the Department of Pathology continued its investigations of several 
of the medical problems which were encountered in 1951. Studies on hemorrhagic fever, 
infectious hepatitis, complications of battle trauma, including lower nephron nephro- 
sis, gas gangrene and fat embolization, were continued and additional data obtained. 
Preliminary morphologic investigations on the fate of dextran given to fatal battle 
casualties were begun. Some of the problems encountered in significant proportions in 
1951 were not encountered at all or to a considerably less degree in 1952. These in- 
cluded smallpox, frostbite, enteric disease, and relapsing fever. The volume of 
routine work increased slightly. 


Wherever possible, attempts have been made in this report to include data which 
could be compared to that obtained in previous years. Inclusion of information con- 
cerning the routine activities of a histopathologic center were recorded along with 
data available from special investigations which were in progress during the year. 


ROUTINE SPECIMENS RECEIVED: There were 9,926 specimens received in 1952. The 
type of material is listed below: 


Human Autopsies .cccccccccccccece 927 
Surgical Specimens eoecevecsesens 8,477 
Miscellaneous cccceseccsccccesess 22 


“95926 


The work performed by the technical section during 1952 is detailed in the fol- 
lowing: 


Paraffin Blocks Prepared ceceeees 15,991 
Routine H and E Stains cecccocccee 3h 592 
Special Staind ecoccccscccccccesee 4,937 
Hematology Slides sescceccccccces 353 


55,873 


The total volume of material received in 1952 represented an increase of 1,32 
specimens, or 15.9% over that received in 1951, with an increase of 116 autopsies 
(14.4%), 1,271 surgical specimens (17.6%), and a decrease of 9 (8.5%) miscellaneous 
specimens. The technical section experienced a reduction of 30,633 (36.1%) units of 
work in 1952 compared to 1951. 


A large number cf the specimens received represented material which was processed 
elsewhere and forwarded to the Department of Pathology for review, The decrease in 
technical work performed is a direct reflection of this. Accessioning, review, and for- 
warding of such material to the Armed Forces Institute of Pathology generally required 
an expenditure of time and effort on the part of officer and clerical personnel equal 
to that of cases processed in this laboratory. Protocols, slides, paraffin blocks and 
wet tissues of 1,060 autopsies and ,16 surgical specimens were forwarded to the 
Armed Forces Institute of Pathology. This represents an increase of approximately 0% 
in the number of specimens forwarded during 1951. 


Autopsies - Autopsy cases were received from Japan, Korea, Okinawa, and the 
Philippine Telands. Table I lists the installations performing these examinations, 
Approximately 50% (463) of these autopsies were performed in Korea. With few excep- 
tions, these cases were processed at the First Medical Field Laboratory and forwarded 
to the Department of Pathology for review, Thirty-eight percent of the autopsies were 
performed in medical installations in Japan. 


A significant increase in fatal non-battle injuries was observed in 1952. Acci- 
dental injury was numerically the second most frequent cause of death encountered in 
the autopsies during the reporting period. Suicide and homicide were observed much 
more frequently in 1952 than in the two preceding years. The proportionate increase 
in these cases was greater than the proportionate increase in cases of accidental 
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Table I. Organizations Performing Autopsies in 1952 
AFFE (Former Japan Logistical Command). coscesesecccsee 353 


06th Medical General Laboratory cecceccesee 179 
Osaka Army Hospital CROCCO EE OSE LEE EESOLESELS 37 
lhist General Hospital CROCCO C CEE EOL EOLEEEEEE 20 
382nd General Hospital COC CECE COO C ECE ESOL SECS 2 
US Arny Hospital, 8162 AU (Fukuoka) ececsete 2 
US Arny Hospital, 816), AU (Kyoto) eseeseeeso 9 
US Arny Hospital, 8165 AU (Sapporo) ececcces 15 
US Army Hospital, 8166 AU (Sendai) cesceccee 2h 
Johnson Air Force Base Hospital Coceoscecere 3 
Nagoya Air Force Base Hospital Coccecececores hk 
\Body Armor Team, 820), AU @eeeeece sevens eeoeeees 13 
8th Hospital Group, 99k; Seeoeseceesoceseeseese 3 


KOREA Seis odes ccline ich ab Oobas Condie ieee 63 


lst Medical Field Laboratory eosecosesecsees 32 
3rd and Ujth Field Hospital (POW) eccccccsees 75 
64th Field Hospital ( POW) CCLRC OOCCCEESEECOCE 130 
llth Evacuation Hospital COCCCECCCLEEEOECEES 7 
2ist Evacuation Hospital CCeoecooeceosecoseoce 19 
22nd Evacuation Hospital COCO OSECEEEO LEE EES 17 
12lst Evacuation Hospital COO SEO Coe Les eeres 35 
17lst Evacuation Hospital COoececeseoaserseeere L 
8055th Mobile Army Surgical Hospital eecceose 15 
8063rd Mobile Army Surgical Hospital eecesee 12 
8076th Mobile Army Surgical Hospital .eccoce 7 
8209th Mobile Army Surgical Hospital eecocee 26 
8226th Mobile Army Surgical Hospital eecccee 0 
lst Marine Medical Battalion .ccoccccccccces h 


OTHER FEC SOSSHSHSSHSSSSSSHSHSSHSSESSHSSSSHSSSESSSHSEHESSOEEE 111 


Rycom Arny Hospital ceccccccccvcccscccccoces 80 
Clark Air Force Base Hospital cecccccesscsee 29 
Philippine Scout Hospital, 8148 AU ccccccoce 2 


Total 927 


deaths when compared with 1951 and 1950 (Table II). This increase in deaths as- 
cribed to non-battle injury is believed to be associated with an increase in thea- 
ter personnel strength. The cases of homicide include 25 POW's presumed beaten to 
death by their associates; no cases of this type were recognized in 1951. 


As in 1951, infectious disease was the most frequently encountered cause of 
death due to disease during the year. This included 122 POW deaths and 51 cases of 
hemorrhagic fever* among UN personnel. Battle injury and disease caused approxim- 
ately the same number of deaths in 1951 and in 1952. 


Included among the uncetermined causes of death was a large number of cases in 
which the final autopsy diagnosis was deferred until results of toxicological exam- 
inations were completed or reports of the circumstances surrounding death were re- 
ceived. Preliminary reports of investigation indicated that alkaloid poisoning was 
suspected in an appreciable number of these cases. 


* Including cases with death in 1951, but received by this laboratory in 1952. 
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Table II. Summary of Causes of Death, 1950, 1951, and 1952 
Cause of Death 1950 1951 1952 


Non-Battle Injuries 219 26h 345 
Accidental 196 200 2h6 
Suicidal 19 26 2 
Homicidal 4 17 49 
Circumstances Undetermined 21 8 


Battle Injuries 115 90 109 
Disease 148 391 390 
Infants 51 39 38 
Undetermined 14 23 LS 


* Ten additional patients listed under "Disease" also had 
battle injuries 


Table III, Causes of Death in 927 Autopsies in 1952 


Non-Battle Injuries 


ACCideNtAl cocccccccerccceccceserereeeeesecesereeceeeceseeeseese 26 
Trauma, Type not Stated cecccccnccvsccccecescovessvcccces 
TYAIN coccccccecvccccccccceesesereeesescereeesecesceseeee 3 
Vehicular cevrccccccccsccccccccsccseseccescesscceccresecs 3 
Fall cccccccccccccccccceccececesec cece es esc eseeesseeseeee 
Airplane PORTO OHOS OOOOH OES OSOSOO HOO OOS EHO SSSOHSSEOOOSEC®S 9 
Gunshot Wound S@OSCSCSC Sse eeeeseseseeeseeeGeoeeeseeoeooses ese 33 
Poisoning COLO HE OOSOOHHEOOSOHOHOHOOOL OOOO EOSOHHOSOS SOS OOS 4 

Ethyl ALCOHOL] cccccccecccescerccccccccescccenesces 
Ethyl Alcohol and Barbiturates ceeccccccccevccsese 3 
Ethyl and Methyl Alcohol coceccccccccccccccccccece 1 
Ethyl Alcohol, Barbiturates, and Alkaloids escessee 1 
Alkaloids wccccccccccccccccescvesccceseecceseceees 14 
Carbon Monoxide cccccccccccccccccccccceccccccccoee 10 
Barbiturate ceoccccecccccccs cscs secs seeeseseeesee® A 
Halogenated Eydrocarbon COSTHLOC EEOC EEESOHOOSOCO OSCE 4 
Ethylene glycol COPS OCOCOOCO SOE SESS SOLOS OOREOEOELOR 2 
Procaine SSsHSeeseseseeeseoseeseeeseoeeaseeseeosesen ees e88 1 
Electrocution cesscccccccccccesecesscesecceseseeseseseeee 9 
Anesthetic and Postoperative Death ccocccccccccccccseccsce 10 
Strangulation (machinery) COCCOS OHH EO SAETEOHSHLO OCHO OOOOS 1 
Parachute Fall cesccccccccccccccccvccccccecceceseeesneese 3 
Drowning COTS SOOH HCOOH SE OOEH ST OOOSHSOO HOHE OOSO TOTES ESOS 38 
Thermal Burns SSSOSHOSSHSSHSHSSSHSSSSTSSSESSESSHSSESSSSHHTSES*SeSseSeoe 16 
Aspiration SOPSSSHSHSHSSSSSSH SS SSSSSSSSeSSeeeSe eho Oe2ee8Se8@ 5 
Tmpaling SOSSCHSSSHSSSSSHSSSHSHSSSSHSHSSHESSSHSOHSSSESHSHSHEHSSHHEEOS 1 
Explosion SOSSESSHSSSSHSHOSSSHSSSCHSSHTHTSSHSSSSSSSHESSHSSHOSSHTSEESES 4 


Landslide SOSSHOHSHSSHSSHSHSSSSHHSHSHSHOSHSHSHSSHOSHSHSESEHHEHSSCHEHOHH8BEHHED 


Suicidal cecccccscesr ss eevseeeer eed vers ee ose en eases seeneeeeerer 42 
Gunshot Wound cosessesrcsvcerecrseserossreseseesseveeessed 27 
Hanging CSF os LTHHHEHSH SESE HHSRHSH HOSS OHHH HORE TET EOHOROOR DY 9 
Carbon monoxide Poisoning BOatH 171 50000000009 09908808 988 4 
FALL ccosecenvcccccssercsseseesesese ers eeseresesesererse® 1 
Stab Wound cocorevesccccsnscvessererecsesesessseeeesss ose 1 


Homicidal eessscccceperesesc vers oerseereeresceseeerssseseeesesed 49 
Gunshot Wound coscccnccccccererecescessessvesevescecesees 
Hanging COSHH HOT EESEDOSEHHSEOOHSSE HE OTHE HHHHOOOSTOROED a 
Stab Wound @eowr vr "OBC eSeoeeeHFoSSeeoe e208 0280880888088 S899 9 


Trauma (includes 25 POWs beaten to death by cellmates) .. 29 
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Table III. Causes of Death in 927 Autopsies in 1952 Continued 


Circumstances Undetermined cccsccccccccccccsesesesesscesessceeeeeesee 8 


SOHCHSHESOSSHSSHSHESSSEHSSESHESSSHSSSHSSHSSHHEHSESSSSSCHESSESSSOSSESSESESESE 3 
Gunshot Wound soocccvccccccresesccsecescceesesseseeeseseseeses 
TLAUMA cocccces sere seceeee ee Cee O HOSS Se SOSH SOOO HEHE EsOLeseeee 4 


Cause of Death Undetermined cecseccccccscecveceseceececcesssccceeseee hs 
Disease 


Cardiovascular and Renal cocccccccccscsecsccsccceceesesseecescesseeee 102 
Arteriosclerotic Heart Disease (1) & (2) eseccecsecccccceccuvs 
Rheumatic Heart Disease cosceccscvcccccecssescecsseereseseseee 
Rheumatic Heart Disease with Subacute Bacterial Endocarditis . 
Congenital Heart Disease cesrseccccccccrcceseccsccnvesccssessee 
Myocarditis , acute and healed ceccecesccvcccvecevccvesscosese 
Cardiac Decompensation (patent ductus arteriosus) .eccccccccce 
Aorta, syphilitic ANSULYSM eevee sses ses esesesessse sees seeseses 
Aorta, dissecting aneurysm cococccccccecccccesssrereceesosesese 
Tliac Artery, Ruptured Aneurysm eeoceccccccccseccevvccccesesess 
Pulmonary Arteries, Thromboses ceossceccccscscccccesoccceseoeess 
Polyarteritis NOGOSE cocceccccccsceceessecseescseeseceseseeese 
Cerebral Hemorrhage (3) & (5) SCOHCOSHEHSEOSSHHO SOHO SHESELES EELS 
Glomervlonephritis ceccccccccccccscesccccssecessesseccsesecces 
Pyelonephritis ccccccccccccccccesecereeeresessessescceseseeses 
Nephritis, Type Undetermined ceccccecccccessscccccsesesccesees 
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Alimentary and Biliary ceccccccrccccccccccensecscessesesessececesseees 29 
Peptic Ulcer, Complications ccccccccccccccvesccensecesccceeces 
Intestinal Obstruction ceccesecsecccccccsesecesecssseccerseeee 
Perforated Viscus with Peritonitis cecscsecccecccrccecceseeses 
Intestine, Volwulus ceccccccccccerccecsccceceservevecesccseeee 
Colitis, Chronic Ulcerative (amebic?) COOCH ORES EES EEHOCEESOOSE 
Liver, Fatty Metamorphosis cccccccccevccencccccescccecececeece 
Liver, toxic Hepatitis cccccccccecccccccccccnscssesesccenesees 
Liver Abscesses and Pylephlebitis cccccccecccccscccscccceescee 
Cholangitis with Liver ADSCESSES cocccccccccccescesesececccese 
Cirrhosis (4) SPSHSSSCSOSSHSSHSSSSSESSESHSSESSSHSOSSSSSSSSEHESSESSESESESEESESE 
Pancreatitis, Hemorrhagic CROSSES OSEHSES SEO ESOCHSHHOSESOEESES®O 
Pancreas, Fibrocystic Disease cecccsccccccccccccccccccccesecee 
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Infectious cccccccccccccvcccccecccecessccccscescccoccccescccesvcceseee Lee 
Tuberculosis secccccccccccvccccccscccecccccccccccoscccecoosoes 0 
Pneumonia, lung AbSCeSS, etCe cocccccccccccccccevesceseccceses 28 
Salmonella Infections SOHHSHSSSSSHSSHESSEHSSEOLESHLOSESOCLES ECE SEC®e 
Bacillary Dysentery ceccccccevcccccccccccccccccesessesesseeeee 
Amebic Dysentery cececccccccccccccccccescsccseececeseesseseeee 
Enterocolitis, etiology Undetermined .ccsccccccccccccccccccecs 
TSLANUS coccccccsccccccser seer eeerseeesr ere ees eeeeseeseeeeeese 
Relapsing Fever (7?) COOSESHSEHSEEE OSES SCE EHOLESOHOEEESOSSE OOS OES 
Meningitis, Purulent cceccccccccccccessccccessescessecccesecees 
Septicemia (6) COS CHCHHS SEO SE SOHEEOSOHOOHOEEOEEET EHO OESEEOEEOE 
Hemorrhagic FOVEr cecvcccrcsvcccccessesescescceseessees cesses 
Infectious Hepatitis cecccccccccccccccvcccscecccececcceseeseee 
Poliomyelitis COSCO HOH EO OSH OSES ESHOOE HOSES EO SEH ESET EL EEEL OE 
Japanese B Encephalitis COCHESO SESE EE ESEER OSCE EOE OOS EH OSEEEEEY 
Encephalitis, Etiology Undetermined (7) Cooececseaseeceseeesese 
Paragonimiasis POSOHHHEHSEHEHSHSOOHHSESOSEHSESEE OH ESHOESESOOSOE 
Acute Bacterial Endocarditis cccccccscccccccccccceseeccscceces 
Aspergillosis COCO HEOHHH HEHE EEE EELO HOC EESECEOHE OHH OOH OEOEEOEEE 


Necrotizing pharyngo-tracheo Dronchitis cecccccccccscccccccccs 


Gas Gangrene (Pjecccccccccscccccccccccccccccesssceresseccceeee 
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Table III. Causes of Death in 927 Autopsies in 1952 Continued 


Ascariasis SCOTS OCHHSHHSEHHHHHHSOHOSHES OHHH OOSSORSOOL OOS ESOS HEEEOE 


Brain Abscess COOSSHHOSH SEE HOH HOHHOOHE SO OHOHOHS SHEE LOH EHO OOEOE 
Mycotic SSOPNAGO—gastritiseeccecccsecccccscccccsccsssccessceseeses 
Infectious Disease, Etiology Undetermined cecccccccccccccccccecece 


Sewer 


Neoplasm and Leukemia COSCO SHSHEHOOHHOSOSOOOO OS OAEHEHSOSEOOHOOOOEOORESE 


Lymphoma SHSHHSCOHHHOSHSEHSOHTHSHHHOHHSHHOLOSESEH ODES ESEEEOLOLOOEOOE 
Carcinom, Site (?) COLO O OOOOH EHH HSE OOOS DOO COOEEHEEEEESOEOOOOS 
Carcinoma, Lung POS COHOLOEOHSOOOHEOSCOE OO COSE EOE SEOOSECOEOODECLOOE 
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Carcinoma, Penis COSCCESOSHOEOEHOSOTHOEOOOHEE OO VLE ST OEHOTESELED OOO 
Carcinoma, LIVEE coccccoccccecceceescadecccecceccncéccccceseseese 
Carcinoma, NQSOPNALYNK cecccccccccccvccevcsesccccccesvcccccceccee 
Carcinoma, StOMACH cececcccccccccccescccveccccscceccccccccceecces 
Carcinoma, Rectum (8) SPHOSHSSHHSSSSHSSHHHSHSTHCHSSTSTSSEFSHSHSOSSHHSHESOEOSSEESES 
NOUPGOIASLOME ccc cccccgccesceeeredeenesccccocecccccccceceesasede 


Mediastinal Teratoma COOCSHS HOOT OOH ESH SOLOS SOOO EOSEOEOEESH OOO OOOO® 


Brain Tumor SPOSSSHSSSSSSSSSSSSSSSSHSSHSHeSeHSesaeesSeseSeeseseeseee esse 
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Battle Injuries PPPUOPeTY TTT TTTITTT TTT ri T TT iTrrriirerre ree rrrrriri rrr eee 109 


Head SSHSSSSSESSHSSSSESSSSSSSHSHS HSH SSHSSSHSSSSSSSHSOHSSOSSHSSSCSS SS HSSSSESHEH CSE ESESEEEE 6 
Neck SSCS SesSSSSSSSSSSSSSSSSSSSSSSSHSSOSSHSSSSHSSSSSHSSSSOSSSSSSsoosoeeesve see ee 3 
Thorax COPS OHSO HOSE OOOOH SHES OHOOOS SO OS ESET HOES SEOSHOOES OSS EEO ES OEE OEEOE at 
&hdomen SHOSSTHSSHSSHSHSHSHSHSSHHSSHHSSHSSSSHSSHSSHSHSHSSHSSSHSSHFOSSESHSSEH SHOES HESHSESESESEEESE 13 
Thorax and ADdOMEN coccccccccccccsereesecesecececesececevcecvcccocccccce 11 
Extremities SOCHSOHSHSHSHSHSHEHSSESOHOHSHOHOHHHHHOS OOS OHHHSSEOSHOHOHTOEOO® 19 
Multiple SSC SSSSSSSSSHSSSSSSHSSHSOSSSSSSSSSSHSSSSSASSSSHSSeSseesseeeeSseeseseeoeee ho 
Burns SSSHSACASSHOSHSHSSHSHFSSHSFE SFT SS SHSHSSSSSSHSSHOSSHSSHSSSSSHESSTSHSSHOSSSSCHSSEHHC8EEEEESE 6 
Infants SPOOHSSOO HH OHEHOHHOS SOLE OSHC OOEHEOOS OOS CODE OW SHOOT TEOOEHEOOOR OSTEO OCHRE OOS®S 38 


Stillbirth SF SSHSHSHSSHSHSSHSHOSHSSSSHSSSHSSESSSSSHSSSSSTSSSSSSESOSSESSSSSESOSSSSESSESESEOS 
Prematurity CHOHOHHSSOHHE HE SORAD® OHA SHEORECHETHOOOEHEHEOLEOESECOCOHESOOEELESO 
Congenital Anomaly CCOASHCHTAEHOT HOH EE SES OHHH ESHOEEHHOHOEE THOS OOEEEHOSOE® 
Aspiration and Atelectasis crcccccccccccccccsscccsecseccccccnseccesetocs 
Tentorial Tear serccccccccversccceccreesecesesceccsecececscescescccesers 
Intestinal Obstruction crcsecccssccesececcvccsseccesessccccccecceseccece 
Diarrhea, Etiology (?) COST RHCEEERESEHHOC HOC HCEEEE HLH SEESESOOHOOTE EE EEEES 
Erythroblastosis Fetalis ccccccccseccccesecscccccsccccesesccsecsesecess 
Meconium Ileus with Peritonitis .cccccsccccccccccscceccccececesccccescos 
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MIsCellaneous coccecccccccecccerecccccesccecscecncereceseccedenecescccnreccecses 15 


Blood Dyscrasia COCR OOH OOOH OTHOHEHSEOH LOSE HSEHESEOESHTOEOSEHSOHTEEETEOES 
Malnutrition cecccsccccececccccceccescccersccscescccccnsesceeesccseseses 


Diabetic ACLGOSIis .cccecccecveccccececccnnccccetcesccccccnccbeesoncecese 


ASTHMA cow rccccccsccere eee ee eed eee Seer eee ses ees esessrerseHeeecesseses 


error 


Incidental adenocarcinoma of rectum, 
Rupture of heart with hemopericardial tamponade 
One prisoner of war may have had a brain tumor, tissue lost, 
One complicated by portal vein thrombosis. 
Hemorrhage from either intracerebral hemangioma or from con- 
genital aneurysm. 
Kernicterus developed as a complication of sepsis in an infant. 
8 cases were unproven Japanese B encephalitis. 
Case of congenital multiple polyposis with carcinomatous degeneration. 
Inoculation wound. 


WwW nw 


© ON OS 
ee ee ee ee 


i) i ile iin) am) ie) i ai ie) 


- 185 - 


Surgical Specimens - A large number of the surgical specimens were of the 
routine type. Comparative totals of the more common types of specimens are listed 

for 1951 and 1952 in Table IV. Included in these totals for 1952 are the types and 
number of specimens received from Korean civilians, internees, and POW's. Tubercu- 
lous lymph nodes comprised a significant provortion of the total specimens received 
from this group of patients. 


Table IV. Routine Surgical Specimens 


UN Koreans Total Total 
Personnel & POW's 1952 1951 
Appendices 920 8 928 1247 
Endometrial Biopsies 513 3 516 Lol 
Cervical Biopsies 531 4 535 385 
Skin Biopsies 1601 83 1684 1623 
Benign Nevi 529 5 53h 348 
Breast, Male 136 3 139 128 
Breast, Female 12h ~ 12h 143 
Thyroid 65 1 66 76 
Gall Bladder 91 11 102 78 
Lymph Node 200+ 12 bee 328 268 
Pilonidal Sinus 101 ~ 101 61 


* Tuberculosis - 
** Tuberculosis - 62 


There were 310 malignant tumors among the 8,77 surgical specimens received dur- 
ing 1952, an increase of 26.7% over 1951. Table V lists the diagnoses of the malignant 
tumors received during 1951 and 1952. Of the total, 7 were from Korean civilians or 
POW's. Gastrointestinal, squamous cell and metastatic carcinoma, and mesenchymal malig- 
nant tumors were the more frequent types of malignancy observed inthis group. 


Among United Nations personnel, an increase in the number of skin carcinomas, lyn- 
phomas and metastastic carcinomas was experienced during 1952. 


Table V. Malignant Tumors Included in Surgical Specimens 


UN Koreans Total Total 
Personnel & POW's 1952 1951 


Skin & Mucous Membrane: 


Basal Cell Epithelioma 71 = 71 46 
Squamous Cell Carcinoma 1 7 48 3h 
Precancercus (Bowen) 3 ~ 3 3 
Malignant Melanoma 10 1 11 10 
Breast 
Carcinoma 7 2 9 10 
Gastrointestinal System 
Carcinoma, Esophagus - a. 1 0 
Carcinoma, Stomach h 1 5 5 
Carcinoma, Colon 5 2 7 3 
Carcinoma, Rectum 5 3 8 0 
Carcinoid 2 ~ 2 0 
Primary Carcinoma, Liver - 2 2 2 


- 18% - 


Table V. Malignant Tumors Included in Surgical Specimens Continued 


UN Koreans Total Total 
Personnel & PO's 1952 1951 


Genitourinary System 


Carcinoma, Bladder 6 - 6 h 
Seminoma, Testis hk - if 5 
Embryonal Carcinoma, Testis 6 ~ 6 5 
Teratocarcinoma, Testis 1 = 1 5 
Carcinoma, Cervix 12 2 1k 9 
Carcinoma, Uterus 2 1 3 3 
Ovarian Tumor 2 i 2 4 
Respiratory System 
Carcinoma, Larynx 1 - “3 sf 
Carcinoma, Bronchus 1 = 1 1 
Bronchial Adenoma 1 - 1 0 
Nervous System 
Brain Tumor 3 = 3 3 
Paraganglioma 1 = 1 
Lymphomas and Leukemias 
Hodgkins Disease 9 ~ 9 S 
Lymphosarcoma 3 - 3 2 
Reticulum Cell Sarcoma 2 2 h 3 
Malignant Lymphoma, Unclassified 15 2 17 1 
Leukemia, Granulocytic 1 ~ A 0 
Levkemia, Lymphocytic 1 - 1 5 
Leukemia, Unclassified 2 - 2 3 
Mesodermal 
Sarcoma ~ 3 3 4 
Fibrosarcoma 3 2 5 6 
Dermatofibrosarcoma Protuberans BS - 1 1 
Osteogenic Sarcoma = 1 1 = 
Giant Cell Tumor - 4 1 0 
Other 
Carcinoma, Thyroid Gland 7 1 8 7 
Mixed Tumor, Salivary Gland 16 1 17 16 
Carcinoma, Salivary Gland 2 1 3 0 
Ameloblastoma 1 . 2 0 
Carcinoma, Sebaceous Gland - 1 pA 0 
Adenocarcinoma, Palate ~ 1 1 0 
Metastatic Carcinoma 13 6 19 7 
Undifferentiated Carcinoma ~ 1 1 0 
Total 263 7 310 227 


Miscellaneous Specimens - Most of the miscellaneous specimens received 
(Table VI) were from a variety of experimental animals used in the attempted isola- 
tion of the causative agent of hemorrhagic fever. Also included were a number of 
tissues from laboratory animals dying from other causes in the experimental groupe 
Included in this group were a number of animals with Tyzzer's or Theiler's disease. 
Although a number of animal brains were examined for the presence of Negri bodies, 
only four were positive (2 mouse, 1 dog, 1 cat). 
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Table VI. Miscellaneous Pathologic Specimens 


Dog and Cat Brains Examined for Negri Bodies eeceos 5h 
Number positive COPOCEHO OOOH OEHE SE OEEEESEEES 


Mouse Brains for Confirmation of Rabies eecccccccee 17 
Number POSITIVE seccccccecccccccccccseceece 


Guinea pigs for Tuberculosis secccccccccccecescoces 6 
Experimental Animals seccccccccccscccccsscccceccece 43 


Total 520 


BATTLE INJURIES: Specimens showing trauma from battle injury were received as 
surgical or autopsy material. There was a decrease in the number of surgical spec- 
imens examined during 1952, and a slight increase in the number of autopsy cases re- 
ceived, Table VII lists the types of specimens received during 1950, 1951, and 1952, 


Table VII. Specimens Showing Trauma from Battle Injury 
1950 1951:+. 32052 


Surgical Specimens 208 29% 156 
Autopsies 125 9Omt =LOSe 


* Includes specimens from 9 POW's 
#% Includes ; POW's who died of battle injuries 
#ut Includes 2 POW's who died of battle injuries 


Table VIII lists the number of surgical specimens related to battle trauma received 
in 1950, 1951, and 1952. Although there were some variations in the type and volume 
of material showing injury in 1952, the significance of these variations could not be 
evaluated accurately. The factor of duplication of surgical specimens from patients 
who subsequently died and were autopsied was a minor variant because few such specimens 
were submitted for examination. 


Table VIII. Types of Surgical Specimens Resulting From Battle Injury 1950, 1951 


and 1952 

Site 1950 1951 1952 
Extremities 70 105 Ss 

Battle Injury 37 60 43 

Frostbite 33 45 2 
Eyes 89 76 28 
Central Nervous System 28 33 6 
Lung and Pleura - 12 8 
Kidney - ll 10 
Spleen 9 7 19 
Intestine 6 4 32 
Arterio-Venous Fistula 6 2 Bx 


* Includes 1 POW 


There was an overall decrease in the number of surgical specimens showing trauma. 
The number of amputated extremities in 1952 represented less than one-half the number 
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examined in 1951. The most significant reduction was in the number of extremities 
amputated because of frostbite. The two extremities examined were those of an Air 
Force crew mamber who suffered prolonged cold exposure after parachuting from his 
damaged aircraft. : 


A similar reduction was noted in the number of eye, central nervous system, lung, 
and pleura specimens examined, However, a slight increase in the number of trauma- 
tized abdominal viscera received was recorded. The eyes were not sectioned in this 
department, but in keeping with established policies were submitted to the Armed Forces 
Institute of Pathology for study. 


AMPUTATED EXTREMITIES: During 1952, 66 amputated extremities were received by 
Pathology Department. Of these, 5 from 0 patients were the result of injury in 
battle. Forty-three specimens were from 29 wounded patients, and 2 specimens were 
from one patient with cold injury. The patient with cold injury later (in 1953) lost 
portions of both hands, The other 21 amputations were the consequence of non-battle 
injury. The incidence of amputation due to battle injury, especially multiple ampu- 
tations, may show a significant increase in future action, because many men whose 
lives are saved by armored vests will have severe wounds of the extremities, some of 
which will require amputation. 


Six cases were first examined elsewhere, and only the slides were forwarded for 
confirmation of findings. The other cases were consecutive cases amputated in Army 
hospitals in the Tokyo-Yokohama area. The distribution of the causes of amputation 
in this series had little statistical significance since most early amputations for 
destructive wounds were performed in Korea and were not submitted for pathologic 
examination. The group presented here includes a representative sample of the causes 
of amputation from three to forty days after injury. 


Methods - After external examination of the extremity, certain sites were 
selected for detailed histologic and bacteriologic study. In general, when available, — 
these were: (1) The original battle wound; (2) Muscle distal to the injury; (3) Mus- 
cle compartments proximal to, but not including, the wound tract. To obtain cultures 
away from the wound site, the overlying skin was cleaned with soap and water and in- 
cised with a sterile scalpel. The blade was resterilized by heating to incandescence, 
and specimens were obtained from the deep tissue. Companion blocks of tissue were 
taken, fixed in Zenker's solution, and stained with Hematoxylin-eosin for routine exam- 
ination, and Goodpasture's stain for bacteria. The vessels and muscle groups were then 
dissected and described, and separate blocks for microscopic examination were taken as 
indicated. 


Diagnosis - During the course of the year a variety of clinical and pathologic | 
diagnoses were made on amputated extremities. These diagnoses showed little consist- | 
ency. "Gangrene" was frequently used without indication of the cause, Review of these 
diagnoses permitted one to formilate a more consistent and useful set of diagnoses by 
stressing the major change which necessitated amputation. It was found that the recov- | 
ery of pathogenic clostridia from a wound did not necessarily indicate clostridial in- 
fection, because the majority of wounds sustained in battle on the Korean front were 
contaminated with pathogenic clostridia, The ait bey of the contamination could easily 

be found in the soil and the soldier's clothing (1), In this study, culture reports 

were evaluated; (1) according to the portion of the wound which yielded the organisms, 

and (2) according to the distribution of organisms in the tissue as shown by the bact- 

erial stains. Clostridia are large and were easily found. Unless organisms were numer- 

ous and located within tissue and not only in the exudate of a deep wound, their sig- 
nificance was discounted, All these cases suffered trauma, some degree of infection, 

and to a greater or lesser extent, some local impairment of the circulation. The diag- 
noses in Table IX indicate the dominant process in each case, i.e., the disorder which 

led to amputation. 


The term anaerobic cellulitis was not used in this report, for no cases were found 
where clostridial infection was limited to the subcutaneous tissue. In the past some 
authors have used the term "anaerobic cellulitis (1) to distinguish such cases from | 
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gas gangrene which they called "anaerobic myositis". In this series, a distinction 
was made between two types of myositis, the spreading fulminating form (gas gangrene) 
and the localized form (localized clostridial infection). 


Table IX. Final Diagnoses on Extremities Amputated as a Consequence of 


Battle Injury 
Diagnosis No. of Extremities 
Gas Gangrene 3 
Localized Clostridial Infection 2 
Ischemic Gangrene, Uncomplicated 9 
Ischemic Gangrene, with Secondary Mixed Wound 6 
Infection 
Mixed Wound Infection Only 1 
Extensive Trauma with Mixed Wound Infection 10 
Trauma alone (Amputation for Mechanical Reasons) 11 
Cold Injury 2 
Unknown 1 
Total 4S 


Criteria for Diagnosis - 


(1) Gas Gangrene - Although numerous objections to this term can be 
made, it has the advantage a wide usage, It signifies a wound infection by toxin 
producing, gas forming, anaerobic organisms of the genus Clostridia with profound 
systemic effects from the toxin, usually with hemolysis, rapid pulse, low blood 
pressur?, pallor, fever (which is neither constant nor oeteey. and altered sensor- 
ium. The disease is progressive and may lead to death in 2 hours. Drainage from 
the wound is sero-sanguinous rather than purulent. 


(2) Localized Clostridial Infection - In extremities classified as 
localized clostridial infection, the wounds contained large numbers of pathogenic 
clostridia growing in tissue and often producing gas. The local changes were like 
those of gas gangrene, but in contrast the systemic reaction was comparatively mild. 
Fever was present, but the prostration and toxicity of true gas gangrene was absent. 
The process was not progressive and amputation was not urgent, despite the alarming 
odor and gas from the wound. 


(3) Ischemic Gangrene - This diagnosis was used when necrosis re- 
sulted from interruption of the Ptood supply. Frequently the devitalized tissue in 
these cases harbored various organisms, and occasionally purulent wound infection 
resulted. 


(4) Mixed Wound Infection, Non-Gangrenous - This is the common type 
of wound infection and alone is rarely an indication for amputation. It is character- 
ized by purulent exudate, and a septic course of variable severity. Mixed wound infec- 


tion complicated many cases of ischemic gangrene and destructive wounds, and forced 
earlier and more extensive amputation than would otherwise have been necessary. 


(5) ‘traumatic destruction of a mechanically indispensable portion of 
the extremity was a frequent indication for amputation. The extremities in this 
series listed as "traumatic destruction" were treated conservatively at first with the 
hope that part of the extremity could be saved, 


Review of Characteristic Cases - 26808 - Gas Gangrene - This 23 year old 
Amrican soldier was wounded by grenade fragments 13 Seteber 1952, suffering a com- 
pound comminuted fracture of the upper third of the left tibia. When seen in a 
general hospital in Japan on 16 October 1952, his wounds had been debrided, but the 
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soft tissue of the calf was tense, necrotic, and contained bubbles of gas. His 
temperature was 103°, pulse 132, blood pressure 120/60. He was "very toxic", and 
appeared to be getting worse. Amputation above the knee was performed. The major 
vessels in the amputated portion of the extremity were patent and intact » and 

there was no history of femoral artery injury. Sections from deep in the gastroc- 
nemius and soleus muscles showed necrosis, gas, and the presence of innumerable 
gram-positive rods without much neutrophil reaction. Cultures showed Cl. perfrin- 
gens, Cl. n » and Cl. aerofetidum, The wound margin showed Sh. mores on ‘spor- 
ogenes, Cl. multifermentans, beta hemolytic streptocossus, and 2 | ude of sap- 
rophytic aerobese eRe 


26960 - Gas Gangrene - On 19 October 1952, this 22 year old American 
soldier sustained severe shell fragment wounds with bilateral traumatic amputation 
of both legs at the level of the knees and a compound comminuted fracture of the 
left forearm, He was wearing body armor, which very probably saved his life. His 
wounds were debrided a few hours later, and the stumps were placed in a plaster 
cast. He arrived at a general hospital in Japan on 23 October. At that time, he 
appeared "very toxic” and his temperature varied from 97° F to 100%. The cast on 
the right leg stump was very tight, and the right thigh was swollen and crepitant. 
Despite systemic antibiotic therapy, irrigation with Hg02 and surgical exposure of 
the affected tissue, he became worse in 8 hours. A high femoral amputation was 
performed. The muscle was soft and dark reddish-grey. Sections showed necrosis 
and innumerable spore-forming gram-positive rods in the tissue. Cultures from 
four sites away from the exposed tissue bordering the wound showed Cl. sporogenes 
in pure culture. The wound border showed no Clostridia, but contained Bote hemol: - 
tic streptococci, The Ho05 therapy probably eliminated the anaerobes bordering 
the wound. ; 


This case clinically appeared to be severe gas gangrene, and the appearance 
of the tissue with swollen, edematous dark-red necrotic muscle, was also typical 
of the type of gas gangrene which shows little gas. The pure culture of Cl. oper 
ogenes was of particular interest. Not generally considered to be a pathogen, the 
organism is markedly proteolytic and frequently is found associated with Cl. per- 
fringens in typical gas gangrene. This case suggests that Cl. sporogenes alone 
may produce the clinical picture of gas gangrene, though the hems gts systemic 
effect was notably absent, 


27126 = Localized Clostridial Infection - This 21 year old American sol- 
dier sustained a compound comminuted fracture of the left forearm and a severed 
radial artery when struck by a shell fragment on 22 October. The wounds were de- 
brided the next day. His course was uneventful, with a gradual rise in hemoglobin 
and general improvement. A mild febrile period lasted until about 30 October. The 
dorsum of the hand was black, swollen, and crepitant, and there was necrotic tissue 
near the wound margins. Amputation was performed through the fracture site 9 days 
after injury. The subcutaneous tissue and muscle of the hand showed edema, necro- 
sis, gas bubbles, and numerous bacteria which on culture proved to be Cl. perfrin- 
gens, Cl. sporogenes, and Cl. multifermentans. 


26708 - Ischemic Ga ne with Secondary Mixed Wound Infection - This 
22 year old American soldier ny re shell fragment wounds of both Legs on 1 Oct- 
ober with a compound fracture of the lower one-third of the left tibia and a wound 
of the right popliteal space with a severed popliteal artery. The wounds were de- 
brided. On arrival in Japan on 5 October, there was severe distension of the right 
calf, Fasciotomy was performed. For ten days he was treated conservatively, with 
no improvement or extension of the process. His temperature was moderately eleva- 
ted with a daily spike to about 102°F, The extremity was amputated just below the 
knee on 15 October. It showed marked pallor of the large muscle. The distal half 
of the leg muscles and the subcutaneous tissue about the ankle and foot were edem- 
atous; and the overlying skin presented large fluid-filled blebs. Sections showed 
many gram-positive rods in the edematous tissue and cultures proved them to be 
Cl. sporogenes. Proteus morgani non-hemolytic streptococcus, and various other 
Sacchi organisms were also recovered. 
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27h22 - Severe Destructive Wound with Mixed Infection - On 1 November, this 

young Thailand soldier sustained a traumatic amputation of the right foot, and a mass~ 
ive compound comminuted fracture of the left femur and knee. He did not receive sur- 

cal care until 3 November, when his wounds were debrided. He arrived in Japan on 

November. Despite 600,000 u/day of penicillin and 2.0 g/day of streptomycin, he 
ran a septic course with a daily spike of temperature to 10,°F. The right leg stump 
was purulent and on 1 November, the extremity was re-amputated above the knee. The 
specimen showed purulent infection of the stump which extended upward several inches, 
forming a purulent necrotizing tract just posterior to the interosseus membrane, Cul- 
tures showed Cl. perfringens, Cl. n » and Cl. sporogenes, but tissue sections lo- 
calized them In a narrow zone of necrotic tissue aryacest to the infected tract. Aer- 
obic, alpha, beta, and gamma streptococci and anaerobic alpha hemolytic streptococci 
were also isolated. 


Discussion - Most impressive in this study was the low morbidity and mortal- 
ity from gas gangrene among wounded patients in Korea. Examination of amputated extrem- 
ities yielded only three confirmed cases in 1952, and there were no autopsy confirmed 
deaths in Korea or Japan. The significance of this may be appreciated when the figures 
are compared with those of previous wars. The incidence of gas gangrene in the Amer- 
ican Expeditionary Force > oe I was 4.76% of 187,936 wounded, and the mortality 
was 5 to 50%. MacLennon ‘1) reported an incidence of gas gangrene of 0.3h% in 37,699 
casualties in the North African campaign, and a mortality rate of 39% to 70%, depend- 
ing upon the causative organism. The mortality rate in North Africa was essentially 
that of the first world war, but the incidence was much lower. Data for Europe and 
the Pacific in World War II were sketchy, but indicated an incidence of about 0.51% 
based upon published reports of 103,065 wounded (2,3,4,5) . As shown in Table X, mor- 
tality figures were not reported in the larger series, 


Table X. Incidence of Gas Gangrene in the European and Pacific Theater 
in World War II 


Gas Gangrene 
Author Wounded Cases Deaths Incidence Mortality 
Odom 92 ,030 LLS Not Reported 0.48 os 
Power 6,000 20 2 0.33 10% 
Neel and Cole 96h 7 2 0.71 28% 
Langley and Winkelstein 4,051 32 3 0.79 9 LZ 
(Their American 
Cases Only) 
Total 103 ,065 50h 7 
Overall incidence of gas gangrene 0.5% 


Overall mortality of gas gangrene (only 59 cases) 12% 


These observations indicated that we should have expected from 3 to 5 cases of 
gas gangrene per thousand wounds, with a case mortality of from 10 to 50%. Surgical 
care in the allied forces in Europe and Italy was generally good. Despite this, the 
incidence of gas gangrene was about 5 per thousand wounded in those theaters. Prompt 
evacuation was practiced there just as it is in Korea. There were two techniques in 
use in Korea that were not utilized extensively in World War II. One of these was 
primary anastomosis of several arteries. There is little doubt that this procedure 
saved some limbs, but there remained many wounded who suffered severe injury to the 
extremity but did not have a major vessel damaged, or who suffered inoperable wounds 
of the major vessels. In these wounded, vascular surgery could play no part in the 
prevention of gangrene. The therapy which was new in Korea, and was common to all 
wounded, was Ve early administration of procaine penicillin G. Numerous in vitro (6) 
and in vivo (7) (animal) tests have indicated this drug's usefulness in the prophy- 
laxis of gas gangrene. Clinical experience in Korea seems to substantiate these ex- 
perimental observations. 
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Frost-Bite: During 1952 two specimens resulting from frost-bite were added 
to those previously received by this laboratory. The present report is a more de- 
tailed description of the microscopic alterations in examples of cold injury which 
occurred during the winter of 1950-1951. These histologic changes were not different 
from those described by others. In selected instances, elastic tissue and muscle 
stains were utilized, 


As previously stated (1951 Annual Report) at the line of demarcation there was 
considerable variation in width, amount, and type of cellular reaction. No distinct 
relation of this positional variation to the duration of exposure, the interval between 
exposure and operation, the presence of battle injury, or the type and amount of bac- 
teria could be determined. The inaccuracy of history and the scanty clinical informa- 
tion imposed a large variable which would not occur in controlled animal experiments. 


Subcutaneous Tissue - Skeletal muscle and subcutaneous tissue manifested more 
apparent pathologic changes than nerves, tendons or vessels. The changes in arteries 
and veins are considered separately. The earliest alterations of the subcutaneous 
tissue were studied in a specimen removed approximately 36 hours after cold injury. 
The tela subcutanea was widened by protein rich exudate, small blood vessels were en- 
gorged, and scattered leukocytic reaction occurred. In sepecimens with greater dura- 
tion between exposure and operation, the inflammatory reaction became intense and as 
the level of delineation was approached abscesses were formed. Contiguous nerves, 
muscles and tendons were rapidly engulfed and near the line of demarcation, these dis- 
integrated into pools of necrotic debris. Though this intense inflammation and necro- 
sis occurred in the subcutaneous tissue, the corium and epidermis were seldom as 
severely involved. Sloughing, acute non-specific dermatitis and bullae were present 
in the immediate vicinity of the zone of demarcation. Distinct variations in the 
width of this epithelial reaction were not unusual. 


Alterations of fat were rapid in onset but progressed slowly. Atrophic changes 
characterized by the increase of small vacuoles in the granular amphophilic cytoplasm 
resembled serous atrophy. Large macrophages with plentiful granular cytoplasm were 
mixed with lymphocytes and plasma cells in the perivascular and septal connective 
tissue. 


Distal to the line of demarcation, all structures had a bland eosinophilic "ghost" 
appearance and remained intact. All cellular detail was lost but elastic tissue lam- 
ellae were identifiable by means of selective stains. When mummification had been 
present for a week or more, only a narrow band of tissue distal to the level of demar- 
cation presented the ghost outlines. Further distally, inspissation, collapse, and 
dehydration caused loss of all architectural outlines, 


With greater lapses of time following frost-bite, varying degrees of fibrosis 
occurred. Proliferating fibrous tissue formed narrow collars about vessels, nerves, 
tendon sheaths, and dermal appendages. The inflammatory response was gradually dis- 
placed and eventually confined to the line of demarcation. The predominant cellular 
reaction remaining proximal to the area of fibrosis was mononuclear whereas granulocytes 
and granulation tissue predominated between the fibrous tissue and the level of demar- 
cation. At about the sixth week following exposure, the epithelium proximal to the 
delimiting zone was hyperkeratotic, possessed deep slender rete pegs and presented 
atrophy of the prickle cell layer, The dermal papillae were edematous and contained 
hemosiderin granules both free and within phagocytes. The subcutaneous fat manifested 
serous atrophy and separation of the lobules by bands of fibrous tissue. This overall 
fibrosis encased all structures including the few atrophic dermal appendages. 


Nerve - No special stains were employed to determine myelin or axis cylinder 
destruction. Large nerves in the anterior and posterior tibial vascular sheaths 
showed few changes. In an occasional example, there were isolated small clusters of 
large mononuclear cells probably myelophages. Small nerves in the neighborhood of the 
zone of demarcation manifested few alterations. Inflammatory reaction remained peri- 
vascular and usually localized in the perineurium. At the delimiting line, cellular 
infiltration increased, variations in staining quality occurred, and eventually 
eosinophilic "ghost" structures appeared. Beyond rhe zone of demarcation, the alter- 
ations resembled bland infarction. 
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As the duration of time between exposure and amputation increased, two changes 
became noticeable. Small vessels, chiefly arteries and arterioles, in the perin- 
eurium and within the nerve fiber were thickened by an increase of smudgy media. The 
other apparent modification was an increase of fibrous tissue in the perineurium and 
about small vessels, forming thin haloes infiltrated by small mononuclear cells. No 
specimens beyond six weeks duration were available for study. 


Bone - Three sections of bone were available for study. In one instance, a 
metatarsal obtained three weeks after frost-bite, osteoid was absent, articular cart- 
ilage remained unchanged and the fatty marrow contained hemorrhages and was undergoing 
serous atrophy. The latter alteration was similar to that in the subcutaneous fat. 

At the end of five weeks, the findings were essentially the same. In one specimen of 
six weeks duration, the bone was acellular and osteoid was absent, becoming essen- 
tially a sequestrum. 


Vessels - Arteries, arterioles, veins, and capillaries were examined in sec- 
tions taken from all portions of amputated specimens. Arteries of large and medium 
size rarely presented more severe alterations than veins. 


Veins equal to and larger than the dorsalis pedis seldom contained thrombi or man- 
ifested mesophlebitis except near the line of demarcation or near a suppurative wound. 
The thrombi were of several types. The most prevalent form was fibrinous and in vary- 
ing stages of inspissation and organization. In a few instances, such thrombi were 
crescentic and incompletely filled the lumen. These examples were seldom associated 
with cellular reaction and suggested propagated thrombi. Blood clots in more advanced 
stages of organization plugged many venous tributaries and were capped by recent thrombi 
which extended into the larger veins. A less frequent thrombus was composed of tightly 
packed erythrocytes supported by a scanty network of fibrin. The veins containing such 
thrombi were invariably and markedly distended and were usually located near the zone 
demarcation. The most unusual occlusions were restricted to the immediate zone of de- 
limitation and were composed of blood clots undergoing suppuration. Endophlebitis and 
mesophlebitis, especially the latter, were frequent and often associated with this 
form of thrombus. The inflammatory reaction in the media was composed of granulocytes 
and protein rich fluid and caused separation and distortion of the various medial con- 
ponents. In examples derived from the delineating zone, suppurative necrosis obliter- 
ated the muscular wall and in rare instances produced aneurysmal dilatations. 


Large arteries (dorsalis pedis and greater) seldom manifested changes, Subintimal 
edema and isolated instances of endarteritis occurred. The latter was invariably com- 
posed of small mononuclear cells. Thrombi were usually crescentic, bland, and fibrin- 
ous, infrequently undergoing organization and rarely, puriform liquefaction. Smaller 
arteries near their origin were plugged by blood clots in varying stages of organiza- 
tion. From these thrombi, strands of a fresher nature entered the larger arteries 
(retrograde propagation). Mesarteritis was seldom present. 


An unusual and striking alteration occurred in the inner half of the media in a 
few large arteries. Diffuse hyalinization with obliteration of cellular detail replaced 
this portion of the media and was not apparently related to mesarteritis, periarteritis 
or thrombosis. In these examples, subintimal spaces contained small and large mononu- 
clear cells. The internal elastic lamellae in such specimens were frayed, duplicated 
and, in gaps, absent. These elastic tissue changes were more advanced than would be 
expected for the individual's age. Ina solitary instance, an artery was markedly 
dilated and its media distorted and torn by pools of dissecting hemorrhage, Cellular 
reaction was sparse. 


As the time interval between frost-bite and amputation increased, the pathologic 
alterations assumed a subacute and chronic nature. Thrombi occluding many of the art- 
eries and veins were partially organized and a few vessels were recanalized. The 
muscular coats in these instances were often thickened by fibroblasts and prolifer- 
ating capillaries. In specimens of longer duration, thin rings of proliferating fi- 
broblasts encircled the vessels. 
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Smaller vessels, especially nearer the line of demarcation, presented more severe 
and more numerous pathologic alterations. In this zone, erythrocyte aggregates fre- 
quently distended the limina and inflammtory reaction in the media was more intense, 
Small arteries and especially arterioles manifested thickened relatively hypocellular 
media. Whether this was edema, protein exudate or increased muscle density because 
of spasm or degeneration could not be determined. Those specimens which were more 
severely affected presented fraying, duplication, and gaps along the internal elastic 
lamella, In the few instances of fibrinoid degeneration of the media, the arteries 
were bathed by necrotic debris, 


In cases of approximately six weeks duration, the vessels were thickened and more 
cellular than normal. Muscle bundles were separated and the interna elastica was sel- 
dom intact. A few vessels manifested capillarization of the media, but the prevalent 
finding was a fibrosing vasculitis, usually confined to the media and adventitia. 
Stains to differentiate fibrous from muscle tissue were not helpful in deciding whether 
some of the increase was of smooth muscle origin. In many instances, the alterations 
resembled thromboangiitis obliterans whereas other examples suggested encasement by 
fibrous tissue. Distal to the line of demarcation, the ghost structures of infarcts 
were seen and all vessels were dilated and filled with erythrocyte aggregates, 


Muscle - Muscle was probably one of the most vulnerable tissues of the ex- 
posed limb. Alterations occurred at great distances from the line of demarcation and 
contrasted sharply in degree with adjacent vessels, nerves, and connective tissue 
septa. Granular and infrequently hyaline degeneration were the earliest histological 
changes identified. Cross striations were often well preserved in one part of the 
fiber while the other showed degeneration. Edema, congestion, and exudation followed 
shortly afterwards. As the severity increased, large patches of muscle manifested 
infarction and loss of cellular detail. These areas were encircled by narrow bands 
of cellular reaction at first granulocytic but later small and large mononuclear. 

The inflammatory response originated perivascularly and rapidly spread to the neigh- 
boring septa. In specimens of approximately 3 to 5 weeks duration, the cellular 
response was composed predominantly of large macrophages and proliferating granulation 
tissue. Uninfarcted muscle beyond this thin zone was atrophic as characterized by 
muscle giant cells, endomysial cell hyperplasia and loss of sarcoplasm. Two months 
after frost-bite, fibrous tissue had replaced infarcted muscle, had encased the few 
remaining atrophic muscle fibers, had greatly thickened the perimysium, and had formed 
dense adventitial collagen rings about vessels and nerves. 


Tendon alterations were sparse; however, the tendon sheath was rapidly involved 
by immediately adjacent reaction in subcutaneous tissue. Near the line of demarca- 
tion, suppurative necrosis destroyed both tendon and sheath while distal to this zone, 
bland eosinophillic "ghost" structures were evident. ; 


Fatal Battle pounce - Of the 927 autopsy cases received in 1952 there were 
109 from patients who rom battle injuries. As shown in Table VII, this repre- 


sented a slight increase over the experience of 1951, and a considerable proportionate 
increase because the number of wounded ination and of men dying of wounds dropped 
sharply in 1952. As in 1951, the number of patients with battle injuries who died in 
Japan comprised only a small percentage (11%) of the total number of cases of fatal 
battle casualties. The battle fatalities included 12 soldiers who were killed in action 
and autopsied by members of the Body Armor Team. The remainder of the patients died 
in various medical installations in Korea. Obviously a large group of patients with 
battle injury expired in forward medical units, but were not autopsied because of lack 
of facilities and personnel for such examinations. However, available medical statis- 
tics indicate that approximately 2% of the patients who died from battle injuries in 
hospitals in Korea were autopsied. 


The majority of the patients who died from battle injuries and were autopsied 
were members of the United States Armed Forces (97 of 109). Five were from other 
United Nations armed forces, and five were from the army of the Republic of Korea, 
Two were prisoners of war. 
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Information such as type of missile causing the injury, degree and duration of 
shock, interval between injury and resuscitation, and amount of blood given was not 
available in many cases and incomplete in others. With the exception of six burn 
cases, all of the injuries resulted from missiles, the majority of which were unqual- 
ifiedly described as shell fragments. The duration of life following injury in those 
soldiers who were not killed in action varied from one hour to 215 days. The patient 
who lived 215 days expired as a result of a cerebral injury. Table XII lists the 
immediate cause of death and the region injured in these cases. Frequently, injuries 
were multiple and severe and it was difficult to determine which was the lethal in- 
jury. In such cases, death was ascribed to multiple factors. 


Death resulted from a number of factors at variable periods of time following 
injury. Circulatory collapse secondary to massive hemorrhage, extensive trauma, and 
injury to vital organs were the most common causes of death during the immediate hours 
following injury. .In a few instances, deaths which occurred during surgery were as- 
cribed to cardiac arrest during anesthesia. During the later post-operative periods, 
significant contributing factors in the cause of death were bronchopneumonia, intes- 
tinal obstruction, pulmonary embolism, sepsis, dehiscence of wounds, delayed hemorr- 
hage, and acute renal failure (lower nephron nephrosis). 


Table XII. Immediate Cause of Death and Region Injured 
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Deaths occurring early in the post-injury period were clearly related to battle 
injury and circulatory collapse secondary to the trauma. Deaths occurring from com- 
plications later in the course of a patient's illness were not so clearly related and 
were ascribed to multiple causes. Common to this latter group were the problems of 
fat embolism and lower nephron nephrosis, The importance and relationship of these 
complications as related to battle injury are discussed in more detail in the follow- 
ing sections. 


FAT EMBOLIZATION: Fat stains were done in a total of 8 cases of traumatic death 
for the purpose of identifying and quantitating fat emboli in the lungs, kidneys, and 
brain. The lungs were so studied in 75 instances, the kidneys in 65, and the brain 
in 42. Many, but not all, cases of death due to trauma were investigated using fat 
stains. Those cases were selected for special study which seemed by the type and ex- 
tent of injury most likely to be associated with fat embolization or which showed 
suggestive evidence of fat embolization in sections stained with Hematoxylineosin. 
Therefore, any statistical conclusions as to the incidence of fat embolism in the 
various types of trauma observed can have only suggestive validity. 


The number of fat emboli per section of lung, kidney, and cerebrum were graded 
one to eight-plus. One-plus was the grade assigned when careful search revealed only 
one to three emboli per section of organ; the eight-plus grade designated sections in 
which an estimated third or more of the capillaries and smallarteries were filled 
with fat. Of the 9 battle trauma cases studied fat stains of lung sections were 
available in hl, of kidney sections in hl, and brain sections in 26. The entire 
series of 8 cases studied fell into four major groups as shown in Table XIII. 


Table XIII. Types of Cases Studied with Fat Stains 


Number of Cases Total Number 
Studied with Fat Stains of Cases 
Wounded in Action 49 109 
Vehicular Accidents ly 53 
Deaths due to Beating 9 25 
Burns hk 22 
Miscellaneous 3 ~- 


The 9 wounded-in-action cases were sub-divided according to the type, extent, 
and location of wound or wounds as follows: 


Category 1. One or very few missile wounds 6 cases 

Category 2. Multiple missile wounds (most com- 43 cases 
monly shell fragments) 

a. Solely or chiefly involving extremities 13 cases 

be Solely or chiefly involving trunk 8 cases 

c. Involving trunk and extremities 22 cases 


In some cases in Category 2, the head and neck were also traumatized, but this 
was almost always minor compared to the injury to the trunk and extremities. In 
only one case was damage to the head an outstanding feature. 


Of the six individuals with one or very few missile wounds, three showed wounds 
of the trunk alone, two of the trunk and extremities, and one of the head and neck 
alone. In none of these cases did there seem to be more than minimal soft tissue or 
osseous damage. The results of the fat stains shown in Table XIV suggested that in 
this category of trauma, fat embolization was not a prominent complication. 


Analysis of the incidence and degree of fat embolization in Category 2 wounds 


suggested that trauma to the extremities much more frequently predisposed to signif- 
icant fat embolization than trauma to the trunk. In the 12 cases of the former type 
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Table XIV. Incidence of Fat Embolization - Wounded in Action 


Noe 
No. No. Cases Noe No. No. No. 
Cate- Cases Pos. Grade Ave. Cases Pos. Ave. Cases Pos. Ave. 
gory Exam, Cases 5-8 Grade Exam. Cases Grade Exam. Cases Grade 
1 5 hk a) 2 5 ) ) 2 0 ) 
2a 12 12 h 4 11 h 2 h 2 2 
2b 6 5 0 3 “4 2 0 6 0 0 
2c 21 20 6 3 18 6 0 1k 2 0 


of injury there were | instances of moderate to marked (Grades 5 to 8) pulmonary fat em- 
bolization, while in 6 cases of the latter there were none, Likewise, of 11 cases of 
Category 2 in which the kidney was investigated by means of fat stains, 2 showed moderate 
to marked embolization, while in 7 cases of Catebory 2b nene showed this degree. 


As shown in Table XV, vehicular accidents were commonly associated with significant 


degrees of fat embolization. In these cases, again extremity injury seemed to be a fre- 
quent predecessor of the more severe grades of embolism. 


Table XV. Incidence of Fat Embolization - Vehicular Accidents 


No. of Cases Number Number Average 

Examined Positive Grade 5-8 Grade 
Lungs 14 14 7 L 
Kidneys 9 3 0 1 
Brain 6 1 0 1 


Table XVI shows that deaths due to beating were accompanied by significant degrees 
of fat embolization more often than any other type of trauma in our autopsy material. 


Table XVI. Incidence of Fat Embolization in Deaths Due to Beating 


No. of Cases Number Number Average 

Examined Positive Grade 5-8 Grade 
Lungs S 9 9 6 
Kidneys 7 6 2 iF 
Brain 7 k : 2 


Although fat embolization has been reported in cases of burns, in our four cases 
where burns were the sole or chief form of injury, the degree of pulmonary fat emboli- 
zation was minimal in 3 (Grade 1), and slight in the fourth (Grade #). The last case 
was also accompanied by laceration of the right thigh and avulsion of the right thumb. 


The miscellaneous grorp of four cases includes some of unusual interest. One was 
of an individual who fell 28 feet from a balcony to gravel-covered ground below. He 
showed a Grade 5 pulmonary embolization. A second victim was in a bunker when he re- 
ceived shell fragment wounds to the left leg and foot; in addition, both legs were 
crushed when the bunker collapsed. His lungs showed a Grade 5 embolization. A third 
patient suffered a crushing type of injury of unknown etiology with incomplete amputa- 
tion of both lower extremities; the lungs showed a Grade 7 embolization. 


Table XVII shows the correlation of the incidence and degree of pulmonary fat em- 
bolization with the amount of osseous fracture incurred in the traumatic episode. The 
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Table XVII. Correlation of Incidence and Degree of Pulmonary Fat 
Embolization with Amount of Osseus Fracture 


Grade of Fracture 


cies 1-2 3- 5-8 
No. of Cases 20 21 17 12 
No. Positive 17 20 17 ll 
No. Grade 5 or above 8 6 9 5 
Average Grade 35 3.5 h iF 


amount of fracture was graded 0 to 8-plus, using a point system. At one extreme, 
fracture of the pelvis or of the femur was given 10 points, while at the other a 
phalangeal, metacarpal, or metatarsal fracture was given a half points. Twenty 
or more points led to a grading of eight-plus; 4 to 5 points, to a grading of 
one-plus. 


It is obvious that there is no strict correlation between the degree of fat 
embolization and the amount of osseous fracture, if one disregards the additional 
presence or absence of soft tissue damage, Thus, the relatively high incidence of 
significant fat embolization in fractures Grades 0 - 2 is due to the inclusion 
therein of 6 cases of death due to beating, cases in which soft tissue damage un- 
doubtedly played a major role. By and large, it was possible to correlate total 
soft tissue and osseous damage with the degree of pulmonary fat embolization. This 
correlation is not presented in tabular form because of the impossibility of grading 
accurately soft tissue damage from clinical and autopsy protocols, 


As noted in the preceding tables (Tables XIV, XV, and XVI) renal and cerebral 
fat emboli were less commonly encountered than pulmonary fat emboli. As might be 
expected, the incidence of renal and cerebral involvement increases pari passu with 
increasing grades of pulmonary embolization. This relationship is shown in Table 
XVIII which correlates pulmonary and renal involvement in 6 cases in which fat 
stains of both organs were available. 


Table XVIII. Incidence of Various Grades of Renal Fat Embolization 
Correlated with Graded Pulmonary Fat Embolization 


Grades of Pulmonary Embolization 
1-2 3-4h 5 - 6 7-8 


Grades of Renal ae 1k 19 2 ) 
Embolization 1-2 0 2 3 13 0 
pe eee 0 0 3 1 

5-6 0 0 0 0 2 

7-8 0O 0 0 0 0 


A similar type of correlation of pulmonary and cerebral embolization was pos- 
sible, although the latter as demonstrated in one or two sections of cerebral cortex 
was less ccnmon than renal embolization. In 2 cases in which kidney and cerebrum 
fat stains were available, the kidney was positive for emboli in 18, and the cerebrum 
in 9. In no case was the cerebrum positive when the kidney was negative, 


Table XIX expresses the relationship between duration of life following trauma 
and the severity of fat embolization as observed at autopsy. Included in the group 
who lived one day or less was a number of DOA's, chiefly individuals beaten to death 
or involved in vehicular accidents. 


Two factors may be implicated in the explanation of Table XIX. The obvious one 


is that injuries with extensive trauma to soft tissues and/or bone, the type commonly 
associated with high grades of fat embolization, were apt to be severe enough to cause 


- 199 - 


Table XIX. Relationship Between Duration of Life and Severity of Fat Embolization 


Duration of Life Grade of Pulmonary Embolization 
to Nearest Day ee 1-2 3-4 6 +6: 228 
1 or less 1 6 1k 5 
2-3 0 2 5 3 1 
h-5 0 1 hk 5 0 
6 - 10 0 1 5 1 fe) 
11 or more i 6 6 0 0 


death in a relatively shart period of time, while less severely injured patients might 
live for a number of days. Another possible explanation for the low incidence of mod- 
erate or severe fat embolization in those individuals who lived 6 days or more is that 
the intravascular fat may become metabolized or removed. The ultimate fate of fat 
emboli deserves further study. Individual cases in which the exact duration of life 
after trauma is known are of great interest in understanding the range of potential- 
ities of fat embolization. At one extreme in this series was an individual involved 
in a vehicular accident, who lived for three hours and exhibited 5-plus pulmonary fat 
embolization, while at the other was a soldier who suffered shell fragment wounds of 
the extremities in addition to crushing trauma to his legs and lived six days. He, 
too, displayed 5-plus pulmonary fat embolization. 


Perhaps the most important aspect of an analysis of fat embolization cases is 
the determination of its physiological importance to the patient and its part in the 
chain of events leading to death. All autopsy protocols and the available clinical 
records of 8 cases were reviewed in an attempt to determine whether respiratory, 
cardiovascular, renal, or neurological disturbances could be related to the degree of 
fat embolization in the lungs, kidneys, and brain. The cases of death due to beating 
which invariably showed moderate to severe pulmonary and varying degrees of renal and 
cerebral fat embolization, were accompanied by little or no clinical history. In only 
one case was an obvious cause of death (subarachnoid hemorrhage) discovered at autopsy. 
Although it is possible that the various physiopathological changes accompanying se- 
vere trauma may per se account for death, it is also conceivable that fat embolization 
is either the primary cause of death or plays an important role in such cases. 


In the remaining cases, most of which had clinical histories, there were recorded 
no significant respiratory symptoms which could not be attributed to obvious and severe 
respiratory pathology unrelated to fat embolization. Likewise, at autopsy the lungs 
with moderate to severe fat embolization showed no. consistent gross pathology and no 
consistent abnormalities in content of edema fluid or degree of renal fat embolization 
(Grade 7). He lived for two days and 15 hours following shrapnel wounds to the extrem- 
ities; his urine output was said to be adequate during that period. This patient was 
also the only one who showed clinical evidence of cerebral damage clearly attributable 
to fat embolization. His clinical history was one of postoperative deep coma followed 
on the succeeding day by the onset of anisocoria, hypertension (blood pressure 170/100) 
and convlusions. Bilateral cranial trephining was done, but exploration was negative. 
At autopsy, the brain showed petechiae scattered throughout the cerebrum and midbrain 
and a 6-plus fat embolization microscopically. There was no other brain pathology. 


In addition to the above case, there were two others in which clinico-pathological 
correlation suggested that fat embolization may possibly have played an imvortant role 
in causing death. All three cases are presented in Table XX. 


There was little in the way of positive evidence from this series that fat embol- 
ization played an important role in the course of the wounded patient's illness. On 
the other hand, in the wounded individual it was entirely possible that shock and the 
many other complications of trauma may have masked the manifestations of fat emboliza- 
tion, and that more refined methods of investigation are required to uncover them. 


ee 


Table XX 


Duration of Life Grade of Embolism 
Type of Wound (Days) Mode of Death Lungs Kidneys Brain 
Shrapnel Wounds of 3 Postoperative 7 7 6 
Extremities coma 
Vehicular, trauma to 1 Sudden death 6 3 4 
Pelvis and Extremities 12 hr. post- 
operative 
Traumitic amputation of right ? Postoperative 8 5 Not Done 
leg, avulsive wounds left coma, cardiac 
thigh, unknown etiology arrest, follow- 


ing tracheotomy 


LOWER NEPHRON NEPHROSIS - Using the same diagnostic criteria as in 1950-1951, 
thirty-three (20.3%) o e attle injury patients who died and were autopsied in 
1952 had morphologic evidence of lower nephron nephrosis. In contrast, 36.6% of 215 
battle casualties autopsied during the preceding 18 month period exhibited the histo- 
logic changes of lower nephron nephrosis. The incidence during 1952 is thus slightly 
lower than the mean for 1950-1951. It may be noteworthy that the renal changes were 
clinically regarded as a significant factor in mortality in a slightly greater propor- 
tion of cases in 1952, 


EO > 2OSL 2958 


Battle casualties autopsied 125 90 109 

No. with histologic evidence of lower 43 35 33 
nephron nephrosis 

No. with clinical evidence of lower 30 21 29 
nephron nephrosis 

% with histologic evidence showing 69.8 60.0 87.9 
clinical signs also 

% of total battle casualties with clin- 24.0 23.3 27.25 
ical evidence of lower nephron 
nephrosis 


Comparison of the above figures suggests that a relatively constant rate of lower 
nephron nephrosis occurred among patients who died from battle injury and were autop- 
sied. Obviously, the rates apply to only a small fraction of the total number of fatal 
battle injuries, since less than 25% of the patients dying in hospitals in Korea were 
autopsied. The data also suggest that clinicians were more aware of this complication 
of battle trauma in 1952, 


Only three of the patients with battle injury complicated by acute renal failure 
died in Japan. The majority of the patients expired in Mobile Surgical Hospitals and 
Evacuation Hospitals in Korea, particularly at the renal failure center, At this latter 
hospital, facilities for hemodialysis were made available early in 1952 for the treat- 
ment of patients with acute renal failure associated with battle trauma or disease, 

e.g. hemorrhagic fever. The higher incidence of clinically recognized cases in 1952 
was probably due in part to the stabilized type of warfare which permitted a more 
orderly evacuation and study of patients, and to the enlargement and improvement of 
clinical anc laboratory facilities for the evaluation of these patients with acute 
renal failuree 


Attempts to evaluate the relative importance of possible etiologic factors con- 
tributed little additional information. When the extensive use of blood in Korea and 
the large volumes of blood given to individual patients in many instances were consid- 
ered, serious transfusion accidents with associated lower nephron nephrosis were found 
to be a rare occurrence. Although overt reactions were rare, the wounded in Korea 
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frequently received large volumes of bank blood with plasma hemoglobin levels greater 
than 40 mg/100 ml (See Chemistry Section this report). The significance of this infused 
hemoglobin in patients who developed acute’ renal failure has not been determined but 
apparently is not an important factor. Too few plasma hemoglobin levels were recorded 

on these patients who died to express any correlation between the clinical data and hist- 
ologic observations available, 


With few exceptions, all patients in Korea were given group "0" blood. The titer 

was marked "low" or "high" and those patients with blood groups other than "0" were given 

"low-titer" blood. Blood was given tc all of the patients in this series. In many 
cases the amount given was not accurately known and in three cases was unknown. The 
average amount given to any one patient was 12 pints. The median was 10 pints with ex- 
tremes of 2 and 40. These figures were slightly greater than the median of 7.0 pints 
recorded in 1950 and 1951 and probably reflected the greater availability of blood in 
many of the forward installations. In only one case was a transfusion reaction recorded 
and this patient received group "0" blood. His blood group was not known. A notation 
of a "slight transfusion reaction" was made in the clinical record. A period of hypo- 
tension followed this incident and bloody urine was observed. Since the patient had 
sustained a bladder wound which had been repaired, the significance of bloody urine could 
not accurately be evaluated. The degree of hemolysis could not be determined since 
plasma hemoglobin levels were not available on this patient. However, following this 
reaction, slight icterus was observed and death occurred 8 days later from lower neph- 


ron nephrosis and battle wounds. There was no evidence of trauma to the liver or 


biliary tract. 


Most of these patients had severe battle injuries. Circulatory collapse resulting 
from the initial injury, subsequent trauma of surgery, dehiscence of abdominal wounds, 
or secondary hemorrhage was the primary indication for the use of blood in the majority 
of patients. From an etiologic standpoint, extensive wounds which required the use 
of whole blood, such as extensive soft tissue trauma, severe and often vorofound shock, 
and associated infections appeared more important in the production of acute renal 
failure than the factor of transfusion reactions in this group of patients. 


Type and Extent of Injury: In this group of cases, there were 8 injuries caused 
by gunshot wounds (5 abdomen alone, 2 abdomen and thorax, and 1 the extremities alone). 
Twenty-four of the injuries resulted from shell fragment missiles, the majority of 
which were due to artillery and mortar shell bursts. In 3 patients shell fragment 
wounds resulted from the explosion of anti-personnel land mines. Also included was one 
case of renal failure which resulted from 2° and 3° phosphorus burns involving 30% of 
the skin surface area. 


Tables XXI and XXII list the information available concerning the site and extent 
of trauma. 


As in previous years, a good correlation was suggested between the presence of 
lower nephron nephrosis and the anatomical site injured. The commonest sites of injury 
which were associated with lower nephron nephrosis were the abdomen, extremities and 
thorax, in the order listed (Table XXI). In the group of miscellaneous or multiple 
injuries, these sites were almost uniformly involved. The thorax and abdomen were 
injured in 9 of the 11 miscellaneous cases; the extremities in 10 of the ll. Head, 
neck, and spine injuries, although observed once in combination with the above multi- 
ple injuries, were of relatively minor severity in comparison with the other injuries. 


When the individual injured areas were tabulated by single regions this relation- 
ship was exaggerated (Table XXII). The commonest sites of injury in the majority of 
cases with lower nephron nephrosis were the abdomen and extremities, either singly or 
combined. These data probably indicate nothing more than the fact that the patients 
with these types of injuries sustained extensive soft tissue trauma, experienced 
severe and prolonged shock, required considerable blood and extensive surgery, and 
frequently developed infections. Most of these factors have been described as etio- 
logic in the production of lower nephron nephrosis. The relative significance of 
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each could not be assessed, except that overt transfusion reactions were not important in 
this yroup of patients. 


Table XXI. Lower Nephron Nephrosis and Anatomical Regions Injured 


1952 1950-1951 
© of y ae 3 

No. Cases Region %of No. Cases Region % 
Region Cases With LNN With LNN LNN Cases With LNN With LNN of LNN 
Head BIOS: 6 ) 0 0 56 3 563 4.0 
Neck 3 0 9) 0 2 0 0 0 
Spine ) 9) ) ) 8 1 1.25 243 
Thorax 11 9) 0 0 10 0 @) fe) 
Abdomen 13 9 69.2 Riat 99 17 58.6 22.7 
Thorax & Abdomen 11 3 27.2 9.1 20 9 45.0 12.0 
Extremities 19 6 31.6 18.2 35 22 62.9 25.3 
Abdomen & Fxtremities 17 h 23.5 12 shit 38 9 50.0 12.9 
Miscellaneous (Mul- 23 11 L324 3303.2 32 ly 43.7 18.7 


tiple) 


Table XXII. Incidence of Lower Nephron Nephrosis in Relation to Individual Areas 


Involved* 
1952 1950-1951 
~ of % of 
No. Cases Region % No. Cases Region % 
Region Cases With LNN With LNN of LNN Cases With LNN With LNN of LNN 
Head 6 1 16.6 4.2 6 5 7.8 Led 
Neck 3 1 33-3 1.7 6 2 33.3 1.8 
Spine 1 1 100 1.7 25 8 32.9 7.0 
Thorax T¥ ii 26.1. 19.0 47 1... 34.0 14.0 
Abdomen 61 2h 39.3 1.4 81 Ta Shi i STO 
Extremities 57 20 35.1 34.5 72 hl 56.9 36.0 


%* Each area listed separately and patients with multiple wounds 
counted as a separate case for each 
area involved. 


Table XXIII. Severity of Battle Injury - Lower Nephron 


Cases Only 
1952. 1950-51 
Severe 3 28 58 
Moderate 5 20 


The majority of injuries were classified as severe. Many of the patients no doubt 
would have died had no facilities for rapid evacuation, resuscitation, and surgical 
treatment been available. Many records did not include specific information regarding 
intervals between time of injury and resuscitation or between time of injury and sur- 
gery, but in 20 cases in which the approximate time intervals between injury and surgery 
could be determined, the average was 7 hours. 


In 19 cases the shock state was described as existing from 14 to 20 hours with an 


average slightly over 3 hours. Generally, the wounded were given plasma soon after in- 
jury and during transportation to the rear. Occasionally, blood was available as far 
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Table XXIV. Degree of Shock in Patients with Battle Injury - 
Lower Nephron Cases Only 


1952 1950-51 


Severe 22 36 
Moderate 5 12 
i} Not Recorded 6 30 


forward as aid stations and the wounded were given blood as well as plasma. Evaluation 
of the degree of shock was not possible, since blood pressureswere not recorded on many 
patients. Pulse rates, although frequently described as rapid, were not commented upon 
regarding quality in the majority of patients. The notation of severe or profound shock 
without other information was the commonest observation made. 


Extent Of Infection Complicating Injury: Twenty-three of the 33 cases showed a 


significant degree of infection at the time of autopsy (Table XXV). In five cases the 
inrlammatory process involved more than one area. Since the commonest sitesof injury 

: were the abdomen and extremities, it was expected that the most frequent combination 
was that in which a peritonitis was present in association with a cellulitis. In two 

| cases, there was a coexisting empyema and peritonitis. Of the extremity injuries, 
vascular damage was of such magnitude in three cases that gangrene of the extremity 
below the area of injury resulted. There were no instances of gas gangrene in this 

i group of patients. In both 1950 and 1951, gas gangrene was observed in 2 patients with 
1 lower nephron nephrosis. 


; Table XXV. Inflammatory Processes Present at Autopsy - Cases 
i! with Lower Nephron Nephrosis Only 


: Inflammatory Processes 1952 1950-51 

ve 

A Peritonitis 15 42 

| Pleuritis 5 13 

it Cellulitis 10 20 

i Pericarditis 0 5 

Hh Brain Abscess ) 2 

| Meningitis 0 1 
Pyelonephritis iF 0 


There was an insufficient number of cases to state definitely that coexisting in- 
flammation produced severer grades of azotemia and histologic evidence of lower nephron 
nephrosis. In addition, 1) of the 33 cases were dialyzed with the artificial kidney one 
or more times with lowering of non-protein nitrogen levels, so that this factor was in- 
constant. Although one-half of patients with infection demonstrated non-protein nitro- 
gen levels over 100 mgnf and were classified as moderate or severe histologically (Table 
XXVI), a significant correlation with the group of patients without infection could not 
be made, 


Four cases with severe azotemia and extensive infection were classified as having 
mild lower nephron nephrosis histologically. Three had peritonitis and one an abscess 
of the femoral canal. Three patients had been treated with the artificial kidney and 
the fourth died during dialysis. Deaths of these patients occurred on the 5th, llth, 
LSth, and 30th days. The patient who lived for 30 days died from extensive periton- 
itis. Six days following his initial injury and subsequent oliguria, he had begun to 
diurese and continued with an adequate urinary output until death,excreting 850 to 
3000 cc daily. Despite this urinary output, he had a rising non-protein nitrogen blood 
level which required two dialyses. Hyperkalemia was not experienced during this inter- 
i val, Histological examination of the kidneys revealed few hemoglobin cases, little 
a4 evidence of tubular necrosis and a moderate degree of acute pyelonephritis. These ob- 
servations suggest that the peritonitis and pyelonephritis in this patient contributed 
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Table XXVI. Comparison of Severity of Azotemia and Morphologic Changes 
In Cases with Infection and Without Infection 


Morphologic Severity Non-Protein Nitrogen Blood Levels (mg/100 m1)+ 
of LNN UNK 35-100 100-200 200-300 300-),00 400-500 

Infection: 

Mild 3 2 z h 

Moderate 2 2 1 2 

Severe y 2 3 1 
No Infections: 

Mild 3 Pee 

Moderate 1 7 

Severe 7 8! 


* Highest recorded level attained 


significantly to the recurrent axotemia, since the tubular epithelium was not apprec- 
iably altered histologically except in the focal areas of suppuration. 


A common observation among those clinicians who were treating patients with acute 
renal failure with the artificial kidney was that blood non-protein nitrogen levels 
frequently rose more rapidly after dialysis than would be anticipated if no residual 
infection was present (By. od rapid rise of non-protein nitrogen levels after dialysis 
was therefore not infrequently interpreted as an indication that unrecognized infection 
existed which required surgical intervention and/or change in antibiotic therapy. These 
observations suggest that infection may assume a more significant role in determining 
the degree of azotemia in acute renal failure than is generally realized. 


Clinical Course: All of the patients manifested some evidence of renal failure. 
Oliguria was the initial sign in practically all of the patients and became manifest 
by the first or second day after injury. Subsequently, significant degrees of azotemia 
were recorded in 27 of the 33 patients. In only 3 patients was evidence of hyperten- 
sion recorded. In 2 patients uremic frost was observed. Twenty-nine of the 33 patients 
were diagnosed clinically, and of these, 18 were graded as having moderate or severe 
lower nephron nephrosis histologically (Table XXVIII). Of the patients not diagnosed 
clinically, the histologic process was considered mild in three and moderate in one, 
Although clinical and laboratory evidence of acute renal failure was present in these 
4 patients, apparently it was not considered a significant factor in the cause of death 
by the clinician. 


Table XXVII. Clinical and Laboratory Evidence of Nephrosis 


1952 (33 Cases) 1950-51 (78 Cases) 


Azotemia (history of oliguria not recorded) 3 2 
Oliguria 6 10 
Oliguria and azotemia 21 el 


Oliguria and hypertension 
Uremia with uremic frost 
Oliguria, azotemia, and hypertension 


wn o 


‘ 
15 
3 


The average duration of life was 8.l; and the median 7 days, with extremes of 3 to 
30 days. Seventy percent of the patients died in 11 days or less. In 1950 and 1951, 
the median was 8 days and approximately 75% of the patients lived less than 10 days. 


The duration of life in those patients who died and had mild degrees of histolo- 
gic change in kidneys varied from 3.5 to 30 days with an average of 6 days. All had 
clinical evidence of renal failure, oliguria and azotemia. There was evidence to 
indicate that milder histologic changes were generally observed in the early stages 
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Table XVIII. Comparison of Severity of Histologic Change with Clinical Diagnosis 


Clinical Diagnosis 1952 =©1950-51 1952 1950-51 1952 1950-51 
Lower Nephron Nephrosis 7 16 10 11 10 9) 
Possible LNN 0 2 0 1 0 6) 
Uremia 1 5 9) 0 i 1 
Transfusion Reaction 0 z 0 jh 0 6) 
Not Diagnosed 0 6 1 16 3 18 


of the disease. Oliguria persisted until death in all patients except the one patient 
who lived for 30 days and subsequently died from his battle wounds and sepsis, 


Fourteen of the 33 patients were dialyzed on the artificial kidney from 1 to 6 
times with an average of 2.5 dialyses. These patients survived from 3 to 30 days fol- 
lowing injury with an average of 12.1] days and a median of 11 days. These survival 
rates were slightly increased over those for patients not undergoing dialysis. Des- 
pite the considerable subjective and objective improvement resulting from hemodialysis 
in the majority of these patients with correction of the hyperkalemia and azotemia, 
the majority of peta’ died because of sepsis, massive wounds, and continued and 
prolonged "uremia" ‘ 


Pathology: The gross pathologic changes in the kidneys were 5 Cee to those des- 
cribed in patients dying from traumatic shock during World wer II (9, No new observa- 
tions were mace. The weights of the kidneys were increased in the majority of the 
cases (Table XXIX.). 


Table XXIX. Weight of Kidneys - Lower Nephron Nephrosis Cases Only 


Combined Kidney Weight 1952 1950-51 
200-300 1 6 
301-00 h 16 
401-500 10 27 
501-600 9 18 
601-700 2 1 

725 0 1 
Unknown 7 9 


Of the 26 cases in which kidney weights were recorded, the kidneys varied in weight 
from 250 to 610 grams with a mean weight of 455 grams and a median of 50 grams. Neph- 
rectomies were performed in cases and in these patients the remaining kidney varied in 
weight from 350 to 450 gram. In 7 cases in which weights were unknown, the description 
"enlarged" was used in 5 cases. The average combined weights in 1950 and 1951 were 51 
and 1:33 grams respectively. The median of 450 grams was the same for both 1950 and 1951. 


The kidneys from patients living more than 10 days showed the greatest enlargement; 
kidneys from 11 of the 13 patients who lived for more than 10 days weighed over 00 grams, 
The largest kidneys, with combined weights of 600 and 610 grams, were from patients who 
lived 13 and 16 days respectively. Conversely, 6 of 13 patients who lived less than 10 
days had kidneys weighing less than 00 grams. 


Microscopically, the factcrs of tubular necrosis, interstitial inflammation, pig- 
mented cases, and tubulo-venous thrombosis were studied in all cases and graded in sever- 
ity from 1 plus to 3 plus. Necrosis of tubular epithelium was the most constant single 
feature. Hemoglobin cases were frequently quite numerous, and when considered in con- 
nection with tubular necrosis affected grading. Tubulo-venous trhrombosis was observed 
infrequently, although evidence of phlebitis in areas of necrosis was not uncommon, 


» oe 


Attempts were made to determine the time of appearance of the interstitial inflam- 
matory cell infiltrates and numbers of cases in relationship to progression of the le- 
sion. The pigmented cases in five low-power fields (60X) were counted in the cortex 
and medulla of the kidney and correlated with the duration of the disease. 


As shown in Table XXX, interstitial infiltrates were absent or minimal before the 
fifth day of the disease in the majority of cases. After the fifth day, the infiltrates 
consisting of lymphocytes, plasma cells, eosinophils, and infrequently polymorphonuc- 
lear leukocytes, became more numerous and extensive. They were located predominantly 
in the cortico-medullary junction, although in severe cases of longer duration they 
appeared about necrotic distal convoluted tubules in the cortex. In cases of more than 
two weeks duration, the infiltrates were fewer in number. They appeared in greatest 
numbers from the fifth to the fifteenth day of disease. The decrease in infiltrates 
after this tiie may be associated with resolution, or it may be that the patient who 
survived this long had less severe renal disease and would have recovered had it not 
been for their associated injuries and sepsis. 


Table XXX. Time of Appearance of Interstitial Inflammatory Cell Infiltrates 
in Lower Nephron Nephrosis 


Duration of Disease Degree of Interstitial Inflammation 
(Days ) Absent to Minimal Mild Moderate Severe 
3-5 8 i 1 
6-10 3 2 2 1 
11-15 1 2 2 3 
16-19 1 2 ik 1 
30 4 


Pigmented cases were observed in large numbers before the fifth day and as late as 
the 19th day of the disease. There was no clear-cut evidence of significant decrease 
in the number of cases with orogression of the lesion up to the 19th day. A ccrrela- 
tion could not be made with onset of diuresis since diuresis occurred in only one 
patient in this series, No significant relationship could be expressed between the 
number of cases and the degree of azotemia. Generally, the collecting tubules con- 
tained larger numbers of pigmented casts than the upper portion of the nephron, al- 
though exceptions were not uncommonly observed. A clear-cut relationship did not exist 
between the duration of the disease and the number of cases in collecting tubules. 


Table XXXI. Pigmented Casts and Duration of Disease 


Duration of Disease Number of Pigmented Cases/5 Low Power Fields 
(Days) Cortex 0-25 25-50 50-100 100-150 150-200 
3-5 1 3 1 
6-10 5 3 4 1 
11-15 2 1 h a: 
16-20 1 2 1 1. 
30 1 

Medulla 

3-5 1 2 1 1 
6-10 3 5 > 
11-15 2 1 2 2 1 
16-20 Ll 2 2 
30 1 
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Fat, periodic acid Schiff's reaction, Heidenhain, hemoglobin and iron stains 
were performed in 23 of the 33 cases. Using fat stains, Mallory demonstrated sig- 
nificant fat droplet alterations in renal eng gaye epithelium in patients dying 18 
to 96 hours after injury and traumatic shock (9), In patients dying prior to and 
following this interval, these changes in tubular epithelium were significantly 
less. These changes were interpreted as the morphologic evidence of parenchymatous 
injury and functional impairment in patients with traumatic shock. Corresponding 
hematoxylin-eosin preparations did not demonstrate any distinctive alterations of 
tubular epithelium during this interval. 


Fat droplets, measuring one to several micra, were commonly observed in ascend- 
ing tubules, less frequently in distal convoluted and collecting tubules. An arbi- 
trary classification of the degree of such changes in the cases with lower nephron 
nephrosis showed little variation from that observed in control sections from pa- 
tients dying instantaenously or several hours after injury. However, only one of the 
patients with lower nephron nephrosis died in the 18 to 96 hour interval following 
injury, the period during which fat droplet alteration is presumably most intense. 


Fat droplets were prominent in only three cases, and each of these patients 
lived less than 6 days after injury. Conversely, there were also three patients who 
lived less than 6 days who showed changes of minimal degree, less than that observed 
in control tissues. No correlation could be made between duration of disease or sev- 
erity of morphologic changes and fat droplet alteration. 


Control tissues from rats were used in conjunction with hemoglobin and iron 
stains on this material. Arthrocytosis was produced in rats by employing a TT 
similar to that used by Rather, substituting human hemoglobin for rat hemoglobin 10), 
Within two days after injection of the hemoglobin, gramules which stained with the 
same affinity as red cells with LaPehne and Dunn-Okajima stains, appeared in prox- 
imal tubular epithelium. Rats living for 48 to 72 hours also had demonstrable iron 
in proximal tubular epithelium. In none of the 23 cases of lower nephron nephrosis 
studied with these stains was there evidence of demonstrable iron or hemoglobin in 
tubular epithelium of the kidneys. The pigmented cases had some affinity for the 


‘hemoglobin stains in cases of short duration but the material was not unequivocally 


determined to be hemoglobin. This affinity of the casts for the stain became less 
prominent in the distal convoluted tubules and collecting tubules. In the collect- 
ing tubules, there was almost complete absence of affinity for the stains, the 
material staining gray to blue with the Dunn-Okajima stain in contrast to the bright 
orange erythrocytes. Periodic-acid Schiff's reaction and Heidenhain stains did not 
demonstrate any significant glomerular or tubular changes which were not observed 
with hemotoxylin-eosin stains, except for evidence of basement membrane disruption 
inareas of tubular necrosis. 


INFECTIOUS DISEASES: Infectious diseases were listed as the autopsy cause of 
death for co) patients, including 95 prisoners of war. 


Japanese "BY" Encephalitis - Exact tabulation of JBE deaths is dependent on 
laboratory aeeeTrestion by serologic techniques. Such studies, however, were avail- 
able in only three of the eleven cases of encephalitis which were categorized as 
consistent clinically and histologically with a diagnosis of JBE. These 3 patients 
were UN personnel. Of the unconfirmed JBE cases one death occurred in a UN soldier, 
while the remaining 7 cases were prisoners of war. The histopathologic changes were 
similar to those observed in patients who died during the epidemic of 1950 and were 
described in the Annual Report for that year. 


¢ Smallpox - In contrast with the 10 cases autopsied in 1951, there were none 
in 19 2e 


Salmonellosis - During 1952, 3 fatal cases of salmonellosis occurred among 
prisoners of war. The organisms isolated in 2 patients were S. enteritidis and 
S. peratyps C. In the third case, no organism or definitive serological identifica- 
tion was made. The clinical course, pathological findings, and screening bacteriol- 
ogical examinations in the latter suggested S. paratyphi A infection. 
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This case was similar in all respects to the large series of salmonella fever 
patients reported in 1951. This 36 year old male was admitted to the hospital with 
a three-week history of cough, shortness of breath, headache, bilateral lower chest 
pain and watery diarrhea as frequent as eight times a day. The early stages of his 
illness were accompanied by sore throat and increased fatigue. There was no his- 
tory of chills or fever. Physical examination revealed a temperature of 100°F, de- 
hydration, emaciation, and moist rales in the left lung. He was treated with pen- 
icillin (dosage unknown). On the 5th hospital day, he developed bloody diarrhea 
and was treated with streptomycin, chloromycetin, and 500 cc. of whole blood. On 
the 8th hospital day, symptoms and signs of a perforated hollow viscus were noted 
and the following day laparotomy was performed. A perforation of the ileum 75 cm 
from the ileocecal valve was identified and 7.5 cm of small intestine was resected. 
The patient's course was stormy and he died nine days postoperatively. 


The surgical specimen consisted of a 7.5 cm. segment of ileum containing a sol- 
itary 1 cm circular ulcer which had perforated. The ulcer was lined by a narrow band 
of granulation tissue heavily infiltrated by lymphocytes, granulocytes, and large 
mononuclear cells. A short distance from this zone, there was subcucosal edema and 
a light infiltrate of mononuclear cells. A lymph node from the mesentery revealed 
marked reticuloendothelial hyperplasia and acute perinodal inflammation. 


At autopsy, the serosa of the entire ileum and the distal one-half of the je- 
junum presented a bluish discoloration. The first visible ulcerations of the mucosa 
were encountered 17.5 cms proximal to the site of anastomosis and extended to the 
ileocecal junction, becoming progressively more numerous and larger. The ulcers were 
discrete, had raised reddened borders, a gray base, and, in general, the greatest 
diameter was in the long axis of the bowel. In the terminal ileum, ulcers were of 
varying sizes, and marked inflammatory reaction with injection and edema thickened 
the entire intestinal wall. The largest ulcer encountered between the terminal 
ileum and the site of anastomosis was 2.5 cm in greatest diameter. There was some 
edema of the cecal wall, but no ulcerations were seen. Except for gaseous disten- 
tion of the colon, there were no remarkable changes. Several ascarids were seen in 
both the large and small intestine. The microscopic alterations were similar to those 
in the surgical specimen but milder and more diffuse. The spleen weighed 1:25 grams 
and showed hyperplasia without focal necrosis. Lungs were congested and edematous. 
The liver showed non-specific changes. 


The example of S. enteritidis septicemia occurred in December, 1951 but was not 
received by this laboratory until August, 1952, The patient, a 20 year old male, 
was admitted to the hospital with a one week history of chills, high fever, and 
headache, This was followed shortly by anorexia, diarrhea, chest pain, and a cough 
productive of white sputum. He vomited once four days prior to admission and had an 
episode of epistaxis the morning of his hospitalization. On examination, the physical 
findings included severe emaciation, marked icterus and some right upper abdominal 
tenderness. The white cell count was 1,800 with 59 percent polymorphonuclear cells 
and 37 percent lymphocytes. S. enteritidis was isolated from blood cultures. Per- 
ipkeral blood smears showed no Borrelia. Temperature fell from 103.6°F to 97.2°F the 
day after admission and his clinical status became critical. Abdominal tenderness 
and diarrhea continued and he expired on the third hospital day. At autopsy, marked 
icterus was evident, a rash was absent. The spleen weighed 125 grams and showed 
marked hyperplasia of lymphoid follicles with scattered perifollicular areas of 
necrosis. The liver weighed 1800 grams and manifested congestion and moderate 
Kupffer cell hyperplasia. Lymph nodes were enlarged and the microscopic alterations 
were those of marked hyperplasia of reticulo-endothelial cells and filling of sinus- 
oids by large free mononuclear cells and neutrophils. An acute leptomeningitis was 
also present. At autopsy, S. enteritidis was isolated in cultures of heart blood, 
bile, spleen, lung, and feces. Smears and silver stains of spleen failed to reveal 
B. recurrentis. 


The third example of fatal salmonellosis was a patient with S. paratyphi C endo- 
carditis and septicemia, This 27 year old prisoner was admitted to ine hospital with 
a history of anorexia, generalized edema, and a daily afternoon fever. He was treated 
symptomatically for a month and released only to be readmitted about a month later. 
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At that time he complained of persistent anorexia, increasing dyspnea, non-productive 
cough, and diarrhea. On admission, his temperature was 100°F; his pulse was 10) and 
of "pistol-shot" nature. The heart was enlarged, and both diastolic and systolic 
murmurs were heard at the aortic area. Fluroscopy revealed what was thought to be 
syphilitic aortitis with an aneurysm despite a negative serological test for syphilis. 
Ye was treated with digitalis, but there was no improvement. The possibility of rheu- 
matic heart disease with sub-acute bacterial endocarditis was entertained; but multi- 
ple cultures until two days prior to his demise were sterile. Penicillin was empir- 
ically started a week before the patient's death. S. paratyphi C. was isolated from 
blood the day prior to his death. Chloromycetin was begun bat the patient expired 
after the first dose. 


At autopsy the heart weighed 575 grams and was dilated and hypertrophied. The 
leaflets of the mitral valve and the cusps of the aortic valve showed nodular fibrous 
thickening and fusion of the commissures. In addition, there were partially calcified 
vegetations on both valves and adjacent endocardium. Microscopically, these vegeta- 
tions were composed of fibrous connective tissue and in some areas contained necrotic 
material in which were gram-negative amorphous masses resembling bacterial colonies. 
There was a depigmented infarct of the spleen and an organizing infarct of the left 
kidney. 


Infectious Hepatitis - During 1952, a total of 162 liver biopsies were ex- 
amined, Of these, 96 were needle biopsies submitted by the Hepatitis Center at the 
816th Army Eospital in Kyoto and the remainder, both needle and surgical excision bi- 
opsies, were received from a variety of the Far East installations. 


A few of the Hepatitis Center biopsies were for diagnostic purposes. Thirty were 
done early and repeated later in the course of hepatitis in 15 patients to evaluate 
Vitamin B-12 therapy. The remainder of the biopsies were taken from individuals who 
had (1) evidence of persistent liver damaze following hepatitis in the form of hepato- 
megaly, elevated serum bilirubin, or abnormal bromsulfalein retention, or (2) relapsing 
or recurrent disease, 


Of the 30 Vitamin B-l2 biopsies the initial 15 were taken from the 7th to 17th 
day of the disease, while the later ones were taken from the 3th to h2nd day. Micro- 
scopic examination disclosed no significant difference between treated and contro} in- 
dividuals insofar as disappearance of evidence of cellular damage, resolution of exu- 
date either in the portal spaces or within the lobules, or the degree of developing 
fatty metamorphosis was concerned. 


Of the individuals with clinical evidence of persistent, recurrent, or relapsing 
hepatitis, the great majority showed microscopic evidence of persistent inflammation, 
usually with residual exudate in the portal spaces and focalization of exudate within 
the lobules. A minority showed an apparent or real increase in vortal fibrous tissue, 
However, this was often limited to a portion of the biopsy and was not accompanied by 
alteration of lobular architecture. The diagnosis of cirrhosis was not justified in 
any case. Consistent correlation of specific changes in the liver with BSP excretion, 
elevated serum bilirubin, or clinically determined liver size was not possible. 


An interesting histological sequel of hepatitis in the mid to late stages of the 
disease was the appearance of fatty metamorphosis in a certain number of cases. Though 
usually minimal, this was moderate in degree in some cases. Although it has been des- 
cribed earlier, moderate degrees of fatty metamorphosis were not seen in the present 
series until the 7th week (very few biopsies were taken from the 3rd through the 5th 
week). In one case lipoid was so abundant that the Kupffer cells contained it in con- 
siderable amounts. Aside from its clinical significance, the fact that moderate fatty 
metamorphosis appears in some cases of hepatitis should be recognized by the patholog- 
ist, for in certain instances, especially those with accompanying portal fibrosis, the 
histological picture may easily be confused with early alcoholic cirrhosis, 


Two other aspects of hepatitis which have been demanding attention of late are the 


hepatic pigment metabolism and the development of portal fibrosis and cirrhosis follow- 
ing hepatitis. 
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Pigment was seen constantly in the Kupffer cells and usually in histiocytes in 
the portal spaces in the early cases (7th to 17th day). The pigmented cells were at 
times aggregated into clusters and the pigment tended to be granular and golden-brown 
resembling hemofuscin, although some of the larger globules appeared to be bile. In 
the repeat biopsies, the pigment, when present, was often in clusters of cells. Al- 
though the golden-brown character sometimes remained, often the pigment had a dull 
greenish-gray pale hue and was amorphous. 


In early biopsies an occasional finding was the spreading of the portal inflam- 
matory exudate not only into the peripheral portion of the lobule isolating single or 
small groups of liver cells, but also from one portal space to another creating a pic- 
ture simulating cirrhosis. In some of these cases, a number of the infiltrating cells 
were elongated, had the appearance of fibroblasts, and lay in an intercellular matrix 
which was homogeneous and hyaline. This material stained weakly or not at all with 
Masson's trichrome stain for collagen. In the repeat biopsies, this intercellular 
material was no longer seen. In a minority of them there appeared an apparent or real 
increase in portal fibrous tissue, which stained for collagen; in others the portal 
fibrous tissue was unremarkable suggesting that either the matrix laid down in the 
first few weeks of the disease had been absorbed or that liver cells had regenerated 
and filled the originally collapsed stroma. As stated above, no cases were seen in 
which the histological diagnosis of post-hepatitis cirrhosis was justified. 


Thirteen needle biopsies were taken at the 6th Field Hospital from Orientals 
who were thought clinically to have Clonorchis Sinensis infestation and evidence of 
liver disease. In all but one of these the specific ova were stated to have been 
recovered in the stools. The histologic diagnosis on 6 of the 13 biopsies was “Liver 
tissue essentially unaltered"; in the remainder, there was only non-specific changes, 
such as mild inflammation or fibrosis of the portal areas. In no case was the clin- 
ical diagnosis confirmed by biopsy. 


The remaining biopsies were done to establish diagnosis in a wide variety of clin- 
ical states. One, in a vatient clinically diagnosed as having sarcoidosis, showed 
granulomas compatible histologically with sarcoid. In 2 other cases in which the clin- 
ical diagnosis of sarcoid was questioned, the liver tissue was essentially unaltered. 
In 2 cases the clinical diagnosis of infectious mononucleosis had been made. From 
one of these, a biopsy taken about 5 weeks after onset of the disease showed dense 
infiltrates of mononuclear cells in the portal spaces and occasional small foci within 
the lobules. This patient had abnormal liver function tests, but no hepatomegaly. 

In the other case, there was initial marked abnormality of liver function tests and 
spider angiomas; at the time of biopsy the liver function tests had returned to normal, 
but vague symptoms referrable to liver disease and the angiomas remained. The biopsy 
showed small foci of necrosis within the lobules surrounded by mononuclear cell infil- 
trates. 


Parasitic Infestations - As with tuberculosis, the overwhelming majority 
of cases were found in the prisoners of war, where the incidental autopsy discovery of 
parasites was exceedingly common. As noted in Table XXXII, parasitism infrequently 
was the actual or contributory cause of death. However, the not uncommon discovery of 
large masses of worms in an intestine without attendant symptomatology or apparent 
tissue reaction was quite astonishing. 


Ascariasis - This parasite was by far the most commonly encountered at autopsy 
in the prisoners of war, but it was considered to be the major contributant to the cause 
of death in only two cases. In one fatal case, numerous ascari were found in the extra 
and intra hepatic bile ducts, pancreatic duct, and large bowel. A branch of the pul- 
monary artery likewise harbored an adult ascaris. The visceral sites of parasitic in- 
festation were associated with secondary abscess formation (liver and lung) which were 
largely responsible for the patients' eventual demise. The other fatality showed a 
severe cholangiolitis and multiple hepatic abscesses produced by masses of worms clog- 
ging the biliary tree. 
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Table XXXII. Parasitic Infestations 


POW UN 
Cause of Cause of 
Death Incidental Death Incidental 
Ascariasis 2 80 6) 6 
Trichiuriasis 0 30 0 0 
Paragonimiasis 5 2 8) 0 
Taenia saginata 0 2 0 9) 
Hookworm ) 7 0 0 
Schistosomiasis 0 1 0 2 
Clonorchis sinensis 0 2 Q 0 


Paragonimiasis - Five cases of fatal paragonimiasis were autopsied during 
the year, all . prisoners of war, Four of these had cerebral infestations in addi- 
tion to the usual pulmonary involvement. Not infrequently, the initial symptoms re- 
ported by patients with secondary cerebral lesions were referable to the central 
nervous system, suggesting neoplasm or a primary brain abscess. One such case had 
been treated with dilantin for seizures and headache for several months following an 
illness onset characterized by chills and fever. Nine months after the first symptoms, 
he was hospitalized for abdominal pain and recurrence of seizures, shortly followed 

by a hemiplegia. At this time, a hard, tender mass was palpable in the abdomen, 

The autopsy disclosed extensive pulmonary and hepatic involvement with secondarily 
infected paragonimiasis lesions, which in the left lower lobe were productive of the 
epigastric "tumor" mass. There were numerous metastatic parasite lesions in the brain 
with cystification. 


Trichiuriasis - The ova or adults of trichiuris trichiura infestation were 
found in the intestinal tracts of 30 prisoners of war. Without exception these were 
incidental observations at post-mortem without correlation to the case of death. 
Twenty-cue of the cases likewise had associated ascariasis. 


pbargancess - During 1952, the diagnosis "Sparganosis" was made in 3 pa- 
tients, all prisoners of war, Each patient was operated for a subcutaneous mass in 
the lower abdomen or groin; in one case the diagnosis was incarcerated hernia, When 
the mass was dissected, the surgeon in each case described a small tapeworm situated 
in a sac or burrow. The wall of the sac, when examined microscopically, showed only 
@ marrow zone of fibrosis with a mild chronic inflammatory reaction. The worm itself 
showed little detail on chance cross section. In one case, the surgeon re-operated 
on a mass within skeletal muscle and found a similar condition. Scant history was 
provided in these cases, but in two cases the patient gave a history of eating raw 
snake meat. The only symptom reported in each case was the presence of a mass, 


"Sparganosis"® is the term applied to tissue infestation by the plerocercoid larva 
of certain cestodes of the genus Diphyllobothrium. The adult tapeworms are not found 
in man, but are frequently inhabitants of the intestinal tract of various carnivora. 
The ova passed in the stool hatch under favorable circumstances into actively motile, 
ciliated coracidia. Minute crustaceans of the genus Cyclops ("water fleas") ingest 
the coracidia, which elongate and acquire thick cuticles and prominent spines, the 
precercoid larvae. When an infected Cyclops (the first intermediate host) is ingested 
by a susceptible vertebrate (the second mo kb kare host, commonly snakes, frogs, 
occasionally chickens and small mammals) » the larva migrates through the intes- 
tinal wall and body tissue of the new host, usually reaching subcutaneous tissue where 
it grows into the plerocercoid larva or sparganum. When the definitive carnivora host 
devours the second intermediate host, the sparganum grows into the adult Diphylloboth- 
rium within the host's digestive tract, thus completing the cycle. 


The plerocercoid larva or sparganum is a very hardy and adaptable organism, aver- 
aging 2 to 9 cm in length, and a few mm in diameter. If a vertebrate which is not a 
favorable host for the adult worm devours the sparganum, the parasite merely penetrates 


the enteric tract and re-encysts, still as a sparganum waiting for a favorable def- 
initive host. 


In the Orient, sparganosis is usually caused by the plerocercoid larva of D. man- 
soni, Actually the species of sparganum cannot be determined except by feeding the 
worm to a parasite-free dog or cat. If the "take" is successful, species may be 
determined by examining the adult which develops in the artificially infected animal. 
There is good evidence that man may acquire the disease in one of three ways. 


(1) He may ingest infected Cyclops inadvertently, in water bow streams 
and ponds. In this case, man is a direct second intermediate host (11), 


(3), He may ingest uncooked the flesh of one of the usual second intermed- 
iate hosts (12,13), the sparganum, finding itself in an inhospitable environment, 
may penetrate the soft tissue to re-encyst in the same form as it entered, or may en- 
cyst but suffer some degenerative changes and lose its scolex, This last form, for- 
merly called Sparganum proliferum, is now generally considered to be a degenerating 
form of the common sparganum of D. mansoni (12), : 


(3) He may use the flesh of the second intermediate host as a poulice over 
an eye or an open wound. The versatile sparganum then migrates from the dead flesh 
to the new, living host. Faust ater by experimentally the direct invasion of the 
conjunctiva of a dog by this route. il 


Prisoners of War - As mentioned elsewhere, the most significant feature in 
the overall analysis of autopsies performed on prisoners of war and civilian intern- 
ees was the relative high rate of deaths caused by infectious diseases. Of all 
deaths due to disease in the POWs, 63.5% were primarily due to infectious disease. 
The following abbreviated table indicates some general comparative aspects of infec- 
tious disease incidence, with a listing of the five leading entities. 


Table XXXIII. Incidence of Infectious Disease Among Autopsied UN Personnel 


and POWs 
% of Infectious % of Infectious 

Number of Disease Numer Of Disease 

Deaths UN Total UN Deaths POW Total UN 
Hemorrhagic Fever 51 0% 0 o, 4 
Tuberculosis 5 Ty 35 37% 
Pneumonia, lung abscess, etc. 8 6% 20 21% 
Poliomyelitis 16 12% 0 Of 
Hepatitis 14 11% 1 1g 
All Others (Infection) 33 26% 39 1g 


It should be noted that these statistics are not critically significant. Autop- 
sies were performed on the great majority of UN deaths due to disease, but only an 
approximation of complete post-mortem coverage was possible in the POW compound area, 
The high incidence of tuberculosis was perhaps the most striking feature of the POW 
autopsy analysis, with this being the causative mechanism of death in 37% of all in- 
fectious diseases, compared to }% in the UN group. The POW tuberculosis mortality 
was actually higher, for there were a number of clinically evident cases which term- 
inated in death but on whom autopsies were not performed. Tuberculous meningitis 
occurred in about one-third of all the POW tubercular deaths coming to autopsy. 


RELAPSING FEVER: During 1952, a significant reduction in the incidence of re- 
lapsing fever in Korea was experienced (Table XXXIV) (14), All patients were POWs. 
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Table XXXIV. Incidence of Relapsing Fever in Korea 


1951 1952 

January 2 2 

February 0 1 

March 30 0 

. April 11 0 
May 24 2 

' June 55 1 
July 25 1 
August 12 0 
| September 4 1 
October 5 1 

| November 6 ) 
i December 1 - 
( 176 9 


No proven fatal cases of relapsing fever were encountered during 1952. However, 
3 additional cases were diagnosed among the 20 fatal cases of salmonellosis and cases 
with septic splenic infarcts received during 1951. Spirochetes were observed only 
ty in the areas of infarction with Warthin-Starry stains. All other viscera were neg- 
18 ative for spirochetes, The pathologic changes in relapsing fever and its frequent 
a. association with salmonella septicemia were described in the annual report for 1951. 


LIAISON WITH OTHER MEDICAL UNITS: As in previous years, good liaison was main- 
Hl tained with other medical units 1n the Far East Command. This was largely possible 

| because most of the pathologists and laboratory officers became personally acquainted 
i with memsers of the department during their temporary assignment to the 06th Medical 
| General Laboratory for purposes of orientation. 


i CPC's were held at weekly intervals for members of the department and the local 
i dispensary staff. Evaluation of cases at this conference determined selection for 
general distribution. CPC's were distributed weekly to 21 hospitals in Japan and 

| Okinawa and to the lst Medical Field Laboratory in Korea. In accordance with estab- 
lished policies, the lst Medical Field Laboratory effected distribution to hospitals 
i and medical installations in Korea. In September, the method of distribution of 

I CPC's by routes was revised because cases were not always forwarded from one instal- 
i lation to another on schedule. To expedite distribution, one case was distributed 
weekly to all medical installations. Autopsy findings and clinical pathological 
interpretations were given in more detail in lieu of forwarding autopsy protocols and 
slides. CPC's were conducted at weekly intervals at two hospitals in the Tokyo area. 
Surgical pathology and tumor conferences were held at Tokyo Army Hospital also at 
weekly intervals. 


Y During the year several consultant and visiting pathologists were in the theater. 
Fi In April, Dr. R. Moore visited the department and gave lectures on testicular tumors, 
his impressions of hemorrhagic fever, and conducted a CPC at Tokyo Army Hospital. 

In September, Dr. Jesse R. Edwards, a consultant pathologist to the Surgeon General, 
gave a seriesof talks on various aspects of cardiac pathology during his tour of lab- 
oratory facilities in Japan and Korea. During October, Colonel Chapman Binford, USPHS, 
went to Korea to observe cases of hemorrhagic fever. Lectures on the "Pathology of 
Leprosy" were given by Colonel Binford for the members of the department and for ned- 
ical officers of the 8228th MASH in Korea during his tour, 


In December, a meeting was held with Japanese pathologists in Tokyo for the pur- 
pose of organizing a Society of Japanese and American pathologists. The inaugural 
seminar, the first of scheduled monthly meetings, was held on 27 January 1953, and was 
attended by 12 Japanese pathologists, 11 pathologists from the department, and 2 path- 
ologists from Yokosuka Naval Hospital. 
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Histopathology sets were forwarded to 25 medical installations in Japan, Korea, 
the Philippines, and Formosa during the year. 


OFFICER PERSONNEL: A total of 21 medical officers were assigned to the Pathology 
Department during 1952. As in previous years, the department served as a pool for med- 
ical officers with laboratory training. Following a period of training and orientation 
varying from two to four weeks, 12 of the officers were assigned to hospitals and lab- 
oratories in Japan and Korea, Four officers remained on continuous duty with the de- 
partment throughout the year. One of two officers who returned to the Zone of the 
Interior was on continuous duty with the department for ten months. Two of the officers 
from the Zone of the Interior and one from the lst Medical Field Laboratory, Korea, were 
permanently assigned to the department later in the year. Of these 21 officers, 3 who 
were on continuous duty with the department were certified board pathologists; one 
being certified during the year. Three of the officers arriving from the Zone of the 
Interior were certified board pathologists. Five of the officers were regular army and 
16 were reserve officers. At the end of the year, there were 7 officers on duty in 
the department. 


As in previous years, the turnover of medical officers was not considered a diffi- 
culty. The mutual advantages and cooperation resulting from personal contact and as- 
sociation with laboratory officers who were to be assigned to other medical installa- 
tions in the theater were again demonstrated to be well worth the effort and time 
spent in orientation. A similar opinion has been expressed by personnel in other de- 
partments of the laboratory who frequently obtain information and material for their 
research and investigative activities from other medical installations in the theater. 
The cooperation of laboratory officers in the theater was excellent. 


RECOMMENDATIONS: Administrative procedure effecting liaison between the patholog- 
ists and the investigating officer in the study of cases of death occurring outside 
hospitals has béen outlined in Circular 5, GHQ, FEC, February, 1950. This circular 
directs the investigating officer to submit a copy of his report to the pathologist 
"in lieu of a clinical history". When this procedure is followed, a more accurate 
evaluation of the cause of death is usually possible and equitable decisions can be 
made in determining line of duty. It is recommended that such administrative proced- 
ure be included in army regulations. 


MEDICAL ARTS SECTION 


During 1952, the Medical Arts Section functioned as a part of the Pathology Depart- 
ment. The following work was accomplished by this Section during 1952: 


Charts ceoccccccscccccesccccs 1,100 
Black and white negatives s. 3,260 
Prints sccccnscecscoccceccees 17,194 
Lantern slideS ceccocccsccce 1,058 


The above figures indicate an increase of 20% over that of 1951. The bulk of the 
work during the first two quarters consisted of photographs of burned patients in Tokyo 
Army Hospital, and routine photomicrography. 


A photographer was placed on TDY at the 8063rd MASH with the Neurosurgical Team 
headed by Lt. Colonel A.M. Meirowski. Approximately 475 black and white, and color 
exposures were made of patients, before, during, and after surgery; copies were made 
of the x-rays of head wounds. This series also included photographs of sterile in- 
strument trays and the arrangement of different types of dressing carts. 


Upon completion of the Neurosurgical project, the photographer went to the 822 8th 
MASH to take still photographs of the various sections of the Hemorrhagic Fever Center, 
and the surrounding terrain. During the first quarter of 1952, a large number of photo- 
micrographs were made to illustrate the pathology of hemorrhagic fever. In June, a 
photographer was placed on temporary duty at the 8228th MASH to film, in color, motion 


- 215 - 


pictures of hemorrhagic fever patients in various stages of the disease to include 
gross autopsy specimens and laboratory procedures. He was also to obtain pictures 
of Korean terrain features and to document the trapping of field rodents for the 
collection of parasites. Two Signal Corps motion picture photographers were placed 
on temporary duty at the 8228th MASH in September to obtain additional motion pic- 
ture footage. Approximately 4,000 feet of color film was exposed on this project. 
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The evacuation of patients from forward aid stations to rear area hospitals was 
photographed in May. This series showed the several types of helicopters used, load- 
ing and caring for patients and the special casualty carrying pods attached to the 
sides of the smaller helicopters, 


ee ae tes, Siem ee she Cm me 


In August, a photographic record was made of the work and equipment in the Depart- 
ment of Entomology in Tokyo, the Ecology Section in Omiya and the Taxonomy Section in 
Kyoto. Mosquito breeding areas were photographed in black and white and 35 mm color 
at Omiya along with pictures of the interior of the section and the personnel at work. 
A photographer was placed on TDY with the Taxonomy Section in Kyoto to photograph 
black fly breeding areas, and the Japanese artists at work with their drawings. 


Color processing of both Ektachrome and Ansco Color films was started in October. 
This additional function, plus the new lighting equipment and a new dryer required 
more floor space. In December, an additional room and a store room were acquired. 
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DEPARTMENT OF MEDICAL ZCOLOGY 


Current functions of the Department of Medical Zoology include routine identi- 
fication of intestinal helminths and protozoa, gonadotropic hormone tests, diagnosis 
of malaria, identification of various parasitic specimens (including tissue forms) 
and certain zoologic specimens, examination of proctoscopic specimens for intestinal 
protozoa in cooperation with the Amebiasis Clinic of the Tokyo Army Hospital, suvoply 
of type specimens of parasite forms to Army medical laboratories in the Far Fast, 
and furnishing parasitic specimens to investigators outside the Far East, 


SUMMARY OF SPECIMENS EXAMINED: The number of specimens handled and total exam- 
inations are indicate able I, Not uncommonly, more than one examination was 
made on some specimens. For example, several examinations were made on each vroecto- 


scopic specimen, and during vart of the year two examinations were made on routine 
stools, 


RCUTINE STCOL EXAMINATIONS: A total of 3,055 dispensary vatients other than 
Japanese Nationals (chiefly Americans) were examined for intestinal narasites (Table 
II). Of this number 22.0% harbored one or more parasites, 10.2% had helminths, and 
14.4% protozoa. The incidence of Ascaris lumbricoides, Trichuris trichiura, and 
hookworm were 5.6%, 2.9%, and 1.5%, respectively; (See Table 11). The incidence of 
intestinal protozoa was relatively low: Endamoeba histolytica 2.7%, E. coli 6%, 
Endolimax nana 6.l)%, and Giardia lamblia 2.3%. ae 


A group of 926 Japanese dependents of Americans were examined, most of whom were 
applying for visas (Table IL). Infected individuals were subsequently treated by 
dispensaries, The occurrence of specific helminths was as follows: Ascaris 26.1%, 
Trichuris 21.5%, Hookworm 4.9%, and Trichostrongylus sp. 15.6%. Other helminths 
occurred infrequently. The incidence of E. iatolytida was only 3.9%, E. coli 12.3%, 
E. nana 11.9%, and G. lamblia h.2%. As noted in previous years these Japanese Nat- 
Tonals did not harbor E. a greatly in excess of the Americans, and, as is 
generally true, Strongyloides stercoralis was more frequently encountered in Amer- 
icans. The infections of Trichostrongylus sp. were extremely light. 


EXAMINATIONS FOR MALARIA AMONG UN TROOPS IN KOREA: A total of 2,032 blood 
smears from U.N. troops were examined. A large majority of these were positive, as 
only smears diagnosed as positive were normally referred to this laboratory. Only 


Plasmodium vivax was found, 


Early in the year preparation of smears and diagnosis were noted to be inade- 
quate, and a member of the department spent two weeks training a group of technicians 
of several Army laboratories in Hokkaido. 


DIAGNOSTIC PROCEDURES FOR CLINICAL AMEBIASIS: Beginning in January and continuing 
throughout 1952, two members of the Devartment were in attendance at the Amebiasis 
Clinic of the Tokyo Army Hospital two mornings per week. The vrimary objective was 
to apply all vossible vrocedures in establishing a diagnosis of amebiasis, including 
the microscopic examination of direct smears, permanently stained mounts of vroctoscovic 
specimens, and concentrates prepared from normal stools by the formalin-ether technic. 
These findings combined with cultures for both amebae and bacillary pathogens will 
afford data for evaluation of procedures, and certain correlations of findings with 
clinical and pathologic observations. 


SPECIAL IDENTIFICATIONS: A variety of zoologic as well as varasitologic svec- 
imens were received from various parts of the Far East Command. Included among these 
were fecal samples for identification or confirmation of helminth eggs and protozoan 
cysts; definitive parasites, either in toto or in histopathologic sections; vathologic 
specimens; snails from Korea; snakes from Korea; and other miscellaneous materials 
for identification (Table III). 


MOLLUSCACIDE STUDIES - LABORATORY SCREENING TESTS: A total of 167 organic chem- 
icals were screened for votential molluscacides. Of these, 97 were received from 
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Table I. Summary of Specimens and Examinations 


No. Specimens No. of 
Type of Specimen or Cases Examinations 
ROUTINE EXAMINATICNS 
F Stool Specimens: 
American 4070 5758 
Japanese (Dep. of Americans) 107 1Wh7 
Japanese Nationals 575 575 
| Blood Smears for Malaria (Human) 193 2032 
Blood Smears for Protozoa (Bird) 00 00 
Urines for Pregnancy 1255 1255 
f Urines for Neoplasms 10 10 
| Special Identifications 125 125 
Amebiasis Clinic: 
Saline Smears 1126 1126 
Hematoxylin Stain 631 631 
Normal or Purged Stools 687 1277 
TOTAL TI, 869 1,636 
| SPECIAL PROJECTS AND RESEARCH 
i Stool Specimens: 
; For Epidemiologic Studies on 10, 88h 10,88) 
Amebiasis 
Parasitism for Americans in Far 380 380 
} East 
Seasonal Studies on Helminths 2,03 4,068 
f 
Skin Tests: 
i For Schistosomiasis 2,500 2,500 
iM For Ascariasis 36 36 
i For Amebiasis 33 33 
i TOTAL 16,177 18,211 
ii 
i Snails (Oncomelania nosophora): 
Golisstad Belative t¢ Woliusca- 120,000 120 ,000 
i cide Studies 
i Collected for Laboratory Re- 18,563 18,563 
' search and Distribution 
i TOTAL 138,563 138,563 


Koppers Corporation, 51 from Armour Laboratories, 16 from Monsanto Chemical Company, 
and 3 from Dow Chemical Company. Testing was done by means of the plate method (1 ‘ 
which involves exposing ten adult snails on filter paver in petri dishes to each of 
three chemical concentrations (1:1000, 1:5000, 1:10000). After e hours, the dead 
snails are determined by crushing, and the LDgo is calculated (2), Among the 167 
chemicals only six warranted further consideration (Table IV). All except one of 
these had an LDcsg of 1:20,000 or over, an arbitrary criterion for further testing 
under field conditions. 


Four proven molluscacides were tested by immersing snails in dilutions ranging 
from 0.5 to 10 ppm. This evaluation was made because of its importance to certain 


- 216 - 


Table II. Summary of Routine Stool Examinations for 1952 


Jav. Nat. 
Americans Dependent s* 
No. % No. 
No. Examined 3055 926 
No. Parasitized 671 22.0 537° = «S79 
No. with Helminths 313 10.2 82 52.1 
No. with Protozoa 4ho 1h.) 233°" 25.2 
Helminths: 
“i ricoides 170 865.6 Che. Gy 
T. trichiura 90 2.9 199 21.5 
Hookworm i Pie A 45 hed 
Trichostrongylus sp. 18 0.6 Uy 15.6 
E. Fermiculeds ll Ou 2 
Taenia sp. 4 0 
e nana 0 
C. sinensis 3 3 
S. stercoralis 9 1 
M. yokogawai 1 h 
Echinestome 1 0 
Protozoa: 
E. histolytica Se: 2.7 36 3.9 
E. coli 19, 6.4 te Saeed 
E. nana 193 6.4 130.; .3%9 
T. butschlii 12 oly 3 as 
G. fambTia wee Ses 39 h.2 
C. mesnili 4 0.1 1 SOs 


* Japanese dependents of Americans 


methods of applying molluscacides, such as impounded water and continuous flow anplica- 
tions. Of the four chemicals tested, DN-1 (dinitro-o-cyclohexyl phenol) was the most 
effective. The MLD with a 8 hour exposure was 2.5 pom. (Table V). For sodium penta- 
chlorophenate (Santobrite and Dowcide G) 10 ppm. were required for a 8 hour exposure, 
and 5 ppm. were required for Dowcide B (2, 4, 5 trichlorophenol, sodium salt). 


MOLLUSCAC IDE STUDIES - FIELD PLOT DILUTION TESTS: Of pailcal «5 gre 6,000 chem- 
icals screen-tested on Oncomelania nosophora in the laboratory 3), possibly 50 war- 
ranted further screening under field conditions. During 1952, twenty-one chemicals 
were so evaluated. Some of these had been vreviously tested (3, 4) but in most in- 
stances the approximate MLD for field conditions was not adequately determined, 


Methods - The procedure used in these tests is designated as a field-vlot 
test, since graded amounts of the active ingredient of each chemical is applied to a 
series of ditch sectors, or plots. Long ditches possessing uniform surface terrain, 
dimensions, and a high snail population were selected. The weeds and grass were cut 
and removed from the sides and bottoms of the ditches which were then surveyed into 
100 sq. ft. vlots. Retainer dams were constructed between plots to prevent mixing 
of chemicals by rainfall. Pre- and post-treatment snail collections of about 200 
snails were picked uniformly from each plot. As many chemicals as possible were 
applied in one day to assure a uniform exposure under the same environmental condi- 
tions. The chemicals were dispersed in water of such quantities as to afford a 
200 ml. application ver sq. ft. All evaluations were based on active ingredients 
when commercial formlations were used. Application was made by garden sprinklers. 
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Table III. 

Type of Specimen No. 
STOOL SPECIMENS : 

Feces hl 


Egg-count for whipworm 
Peri-anal swab 
Proctoscopic specimen 
Feces (horse) 


Feces (dog) 


TISSUE SPECIMENS AND FLUIDS: 


Muscle 

Sub-mental mass 

Small intestine 
Intestine 

Rectal biopsy 

Dermal cyst 

Chest fluid 

Ster,al marrow 

Gall bladder contents 


SNAILS: 
Snails (Korea) 


Snails (Korea) 


SNAKES (From Korea): 
MISCELLANEOUS SPECIMENS: 
Blood smear 
Nematodes 
Urine 
Vaginal swabs 
Fresh Water 
Others 


Total 
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17 


Summary of Special Identifications 


Findings 


(2) @. Tam 
(1) Factolopsis buski eggs 


(1) Trichomonas homini 


(2) Ascaris, adult ores 


Light infection 
No pinworm eggs found 


(1) E. histolytica 
(3) Recents earn eggs 
(3) Trichostrongylus sp. eggs 


(2) Toxocara canis eggs 


Trichinella spiralis 
Adult worm of Wuchereria (probably W. 


malayi) 
S. japonicum eggs in pseudotubercles in A 
No ameba found 
No ameba found 


Cysticercus cellulosae 
No scoLlices of Echinococcus found 
Negative for leishmaniasis 


Ascaris eggs found 


(2) Melania sp. 


Uvipers malleatus; Thiara sp.; Lymaea auricu- 


ia; and Acusta Sieboldians 
(1) Semisulcospira gottschei (Martens) 
(1) Semisulcospira multisculvta (Martens) 
(1) Semisulcospira nodiperda (Martens) 
(1) Semisulcospira coreana (Martens) 
(1) Semisulcospira Tibertina (Gould) 
(1) Littorina pope (Philippi) 


(1) Ba ria cu Crosae) 
(1) Gyraulus albus Ciiieller) 

L ea suricularia coreana 
(3) [oaste sieboldiana (Pfeiffer ) 


pa Leeaee Olluba (Gould) 
gkistrodon halys (mildly venomous) 


(1) Microfilaria of W. mala 
Non-parasitic soil nematodes (adults) 
(1) No amebae observed 

(1) Colpoda (ciliate) found. 

No parasites found 

(1) Ciliata (free living) 


Table IV. Potential Molluscacides Determined by Plate-Tests 


Company Physical State 
Serial Chemical Name and Solubilities LDso 
K1514 Di-(3-methyl-6-isopropyl Liquid - soluble in ether 1:33 ,000 
phenyl) dithiophosphoric and acetone 
acid 
K183) Di-(o-m-p-isopropylphenyl) Liquid - soluble in ether 1:19, 850 
dithiophosphoric acid and acetone; slightly 
so in water 
K1510 Di-( o-tert-amylpheny1) Liquid - sudsy in water; 1:33 ,000 
dithiophosphoric acid soluble in ether and 
acetone 
K1516 Di-( 0o-sec-amylpheny1l) Liquid - soluble in ether 1:2) ,000 
dithiophosphoric acid and acetone 
K1633 Dichlorohexyl thiuram Solid - soluble in ether 1:15,000 
monosulfide and acetone 
CP2323 *Tetraisopropyl monothiono Liquid - soluble in ace- 1:71,000 
pyrovhos phate tone; emulsifys in 
water 


* Causes an abnormal distention of snail from its shell 


Table V. Relative Effectiveness of Molluscacides by Immersion Testing 


Company 
Name Chemical Formula MLD* 
DN-1 Dinitro-o-cyclohexylphenol 2.5 ppm. 
Dowcide B 2,4,5 - trichlorophenol, (sodium salt) 5.0 ppm. 
Santobrite Sodium pentachlorophenate 79%; other chloro- 10.0 ppm. 
phenates 11% 
Dowcide G Sodium pentachlorophenate 75%; other chloro- 10.0 ppm. 


phenates 13% 


* With 48 hours exposure 


Results and Discussion - Data from the field-plot dilution tests during 
the spring are tabulated and graphically illustrated in Table VI and Figure 1; those 
of the fall trials are illustrated in Table VII. Theoretical curves appear on the 
graph for Santobrite and DN-l only; adequate data were not available on the other 
chemicals. 


During the spring tests there was a minimum of rainfall, whereas in the fall 
the first series of tests (including Santobrite, DN-1, Dowcide-B, Dowcide-G, and 
DN-2) were exposed to a 3-inch precipitation within four days after application. 
The re x rainfall on molluscacidal effectiveness has not been fully determined. 
McMullen (5) states that heavy rains are undesirable. Our fall and spring data cannot 
be utilized to settle this matter since the onset of hibernation confuses the situa- 
tion. No exact criteria are available for evaluation of this actgy There is 
evidence that toxicity is less quickly manifested in the fall \7> 9, 


Table VI. Results of Spring (1952) Field-Plot Dilution Tests 


Pre-Treatment Dosage** Post-treatment Samples 
Chemicals+ Samples (Sonteote) Gms/sq ft Days : 1) Days 
Dea o. Snails % Dead No. Snails % Dead No. Snails 
if Santobrite 2.0 (2hh) 1.0 gm 79.5 (210) 99.0 (533) 
i! 0.9 (214) 08 gm 92.2 (337) 95.2 (4,88) 
2.8 (12) -6 gm 15.9 (176) 100.0 (215) 
i 8.2 (182) oh gm 38.3 (167) 77.8 (217) 
i 3.6 (192) oh gm 39.6 (199) 85.5 (138) 
ih 2.1 (290) 2 gm 28.7 (3h) 92.6 (190) 
4 2.5 (199) 2 gm 27.5 (261) 92.6 (299) 
ih DN-1 0.9 (206) clgm 89.3 (25h) 95.2 (310) 
"4 2.5 (322) ol gm 83. (272) 9h. (216) 
i 2.4 (209) -2 gm 66.8 fa 98.7 (320) 
a 2 (326) -2 gm 95.h4 (28) 96.4 (282) 
i 2.8 (107) -05 gm 87.0 (216) 96.2 (347) 
i! 1.4 (137) 025 gm 97.7 (453) 89.5 (306) 
0.0 (158) .0125 gm 05.0 (276) 27.9 (631) 
| Dowcide B 2.6 (76) .Bgm —-9742 (219) 100.0 (317) 
i 5.2 (473) -6 gm 97.0 (30h) 100.0 (337) 
it 5.6 (142) eo gm 90.7 (130) 98.7 (158) 
a 2.0 5) ee gm 97 4 (159) 96.5 (230) 
i 3.2 (468) -2 gm 7h.2 (298) 87.1 (420) 
i Dowcide G 7.0 (170) 8 gm 913 (220) 99.3 (156) 
Hi 6.7 (238) 6 gm 92.h1 (397) 98.8 (85) 
th 5.1 (175) oh gm 83.1 (160) 100.0 (199) 
i 25k (173) -2 gm 77.6 (130) 100.0 (327) 
i 3.3 (209) ol gm 91.6 (373) 97.0 (305) 
il 2,4, 5 Trich- 3.5 (505) See 972 (287) 99.1 (703) 
I lorophenol 6.3 (512) oh gm. 96.5 +8 (380) 99.5 (66h) 
i 8.0 (512) 2 gm 94.0 (135) 98.4 (700) 
i 21.9 (347) ol gm 9562 (189) 94.9 (632) 
1 Dinitro-o-sec 10.5 (266) 3 gm 92.6 4d-¥$0) 97.8 (186) 
il butylphenol 12.1 (222) -2 gm 91.4 (210) 98.5 (408) 
i" 12.7 (181) 1 gm 92.3 (210) 97.7 (271) 
| 10.3 (310) 05 gm 92.9 (170) 97.3 (149) 
i; Para tert 18.5 (496) 6 gm 48.9 (249) 62.9 (486) 
Hi butylphenol 10.8 (590) ok gm 34.8 (192) 57.1 (507) 
| 6.6 (698) -2 gm =. 35.7 (235) u7.1 = (715) 
i Dowcide 2-S 1.0 (200) el gm 94.1 (1178) 
i! Calcium cyanamide 0.9 (219) 1.3 gm 48.4 (378) 79.2 (496) 
1 cP 5 hed (p86) 8 gm 98.8 = (25h) 99.1 (232) 
i} 1.9 (22h) oh gm 76.8 (267) 66.8 (223) 
i 1.5 (209) +2 gm 75.7 (239) 46.9 (211) 
1 CP 536 3.5 (287) ae eo a (270) 99.1 (228) 
+ 5 Be (236) oh gm 97.0 (20h) 97.0 (235) 
a 5.1 (197) o2 gm 95.4 (23) 83.8 (217) 
i ~ 222 - 
na 


Table VI. Results of Spring (1952) Field-Plot Dilution Tests Continued 


Pre-T tment se 
Chemicals Samples * (Controls Gms/sq ft h phe sw pti we yn 8 
Se Ot eal Noe Emi Zhead Wo Snslis —F Dead Wo Snalis 

CP 89 1.3 (163) .8 gm 16.4 (225) Tat 206 
L.9 (205) 4 gm 10.4 (250) 8.7 peed 
2.5 (410) -2 gm 10.5 (237) 11.5 (208) 
CP 850 8.5 (272) -8 gm 22.4 (303) 12.3 210 
le? (23h) ol gm 14.5 (275) 7.6 ae 
2.3 (18h) -2 gm 9.4 (211) 6.4 (170) 

CP h6h6 =. 38.9 (92) 8 gm hh.8 225 2, 22 
3.3 (123) ol gm 29.8 1 P28) a Herk 
22.3 (280) -2 gm 8.1 (123) 8.9 (191) 
CP 1558 32.7 (297) 8 gm 72.2 (256) 94.6 263 
14.1 (263) o4 gm 68.0 (260) 93.3 he 
27.2 (140) -2 gm 35.2 (366) 89.2 (21) 

CP 2292 26.6 (271) 8 gm 9h.7 (343) 96.9 26 
47.5 (251) -4 gm 81.1 (307) 87.7 ge 
20.4 (603) o2 gm 48.6 (37h) 87.9 (281) 
CP 2293 18.7 (386) .8 gm 81.9 (516) 93.0 (245) 
22.9 (271) 4 gm 66.9 (427) 79.7 (292) 
17.4 (167) -2 gm 55.3 (338) bh.2 (22) 
CP 229) 2h.k (26) .8 gm 70.3 (351) 93.4 (215 
25.4, (331) oh gm 65.7 (32) 76.5 (388) 
19.3 (203) .2 gm 40.8 (475) 38.5 (296) 
CP 2367 1.0 (106) 8 gm 63.3 (322) 82.6 (2,8) 
0.0 (122) 4 gm 60.1 (02) 47.8 (259) 
16.0 ( 207) 2 gm 38.0 (200) hel (286) 
CP 3438 0.0 (159) 8 gm 50.9 (495) 51.2 (238) 
1.0 (103) oh gm 2.0 (506) 39.5 (253) 
0.0 (87) .2 gm 27.9 (455) 21.9 (237) 
50% Ethyl 7.8 (491) o2 ml 1.9 (205) 2.6 (228) 

Alcohol; 
50% EM 653+ 

Skil 23)Bax* 8.) (48h) 1.0 ml 29.8 (4,82) 57.2 (473) 

* The several entries under each chemical represent individual 

plot tests 


#% Active ingredient 
#“* Detergents used in dispersing molluscacides,. 


Temperature does not appear to be a critical factor in these two surveys since 
the average temperatures for the spring and the first fall period of application 
were about the same, with the fall temperatures tending to be a little higher. It 
is of interest that Santobrite gave near-maximum kills as soon as four days after ap- 
plication under the influence of heavy rains, whereas in the spring under dry conditions 
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Figure 1. Results of Routine Field-Plot Dilution Tests During Spring, 1952 | 
| 
Key for Graph : 
Santobrite - Sodium pentachlorophenate (theoretical curve) 
DG - Sodium pentachlorophenate 
DNOSBP - Dinitro-o-sec,. butylphenol 
DB - Sodium 2,l;,5 trichlorophenate 
DN-1 - Dinitro-o-cyclohexyl phenol (theoretical curve) : 
CaCno - Calcium cyanamide (lime nitrogen) | 
cp 5 - 2,3,4,6 Tetrachlorophenol 
CP 2293 - 3-Isovropylaminoprovionitrile pentachlorophenate 
i CP 536 - 2, 2' Methylenebis (,6-dichlorophenol) | 
: CP 229)  - 3-Butylaminovropionitrile pentachlorophenate 
CP 1558 - 1, 3-Diphenylguanidine pentachlorophenate 


; 

; 

; CP 2292 - 3-Ethylaminovropionitrile pentachlorophenate . 
. 

} 


~ oth 
{ 


Table VII. Table of Results of Fall (1952) Field-Plot Dilution Tests 


Pre-Treatment Dosagesxx Post-treatment Samples 
Chemicals Samples (Controls) Gms/sq ft h Days 1h Days 

head Woe Snails eed STs een ee 

Santobrite 1.5 (20h) 0.6 88.1 (143 89.9 (172 

0.9 (142) *% 67.3 (2¢e5 67.3 (168) 

0.4 (2h5) 0.4 91.7 (157) 90.5 (201) 

as rr? a Nn aT 

: r ; (21 A 238 

1:5 £373} ‘ cM 338) ne8 (3363 

aoF (23) 0.1 95.2 (147) 75.9 (137) 

0.7 (145 # 34.0 (141 33.7 (18h) 

1:7 (29h) 0.05 56.3 (142) Shed (171) 

2.5 (116) + 18.9 (18) 1357 (117) 

DN-1 0.5 (197) 0.2 95.5 (220) 99.5 (215) 

0.0 (179) % 82.7 (179) 85.1 (195) 

0.5 (211) git 83.2 113) 91.8 (171) 

3.6 (152) 88.8 (161) 50.6 (269) 

0.9 (213) 0.05 91.7 (168) 88.6 (175) 

2 (210) * Sc 1 (221) 63.2 (20h) 

ret (229) 0.025 85.0 (147) 71.5 (186) 

0.0 (16h) # 70 (225) 56.5 (21h) 

16.2 (260) 0.0125 85.9 (149) 69.0 (171) 

2.3 (352) * 8.0 (220) 32.5 (23) 

Dowcide-B 0.0 (268) 0.6 99.4 (166) 99.4 (33h) 

0.0 (2h7) 0.4 98.7 (157) 190.0 (228) 

0.5 (222) 0.2 93.2 (176) 91.4 (220) 

0.8 (27) pa 52.3 (19) 38.2 (199) 

3.3 (209) 0.05 13.9 (266) 25.8 (190) 

0.9 (212) 0.025 10.3 (165) To (20h) 

Dowcide G Fat (212) 0.4 60.1 (158) 53.0 (232) 

0.0 (130) * 85.9 (206) 83.9 (168) 

12.2 (237) 0.2 43.2 (185) 67.2 (186) 

0.0 (183) # 9.3 (183) 78.8 (222) 

0.9 (323) 0.1 65.7 (137) 27.9 (229) 

9.9 (172) # Tis (185) 61.5 (190) 

1.4 (217) 0.05 70.8 (325) 79.7 (202) 

9.1 (175) * 3 (223) 25.5 (220) 

0.2 (429) 0.025 8.4 (153) 23.2 (272) 

0.8 (113) * 2.6 (209) 56.0 (166) 

DN -2 0.5 (19h) 0.8 95.8 (120) 100.0 (182) 

0.0 (22h) 0.h 99.h (170) 974 (152) 

0.5 (222) 0.2 85.0 (160) 84.7 (203) 

0.0 (216) 0.1 39.4 (198) 66.5 (185) 

15 (197) 0.05 41.7 (2h0) 77.2 (18h) 

0.0 (22) 0.025 16,2 (173) 14.6 (233) 

0.0 (20h) 0.0125 28.6 (126) 29.7 (155) 


* Second series. Dates of application for first and second series 
were 9 and 16 October. 
#* The several entries under each chemical represent individual plot 
tests. 
##+ Active ingredient. 


the mortality after four days was very low, reaching a high level after fourteen 
days. DN-l gave a high kill after four days in both situations, 


Inferior and inconsistent results characterized the four-day collections of the 
second fall series of applications, even though conditions were seemingly more favor- 
able than for the first series. The differences were very likely due to lower temo- 
eratures and increased hibernation; dates of application were 9 and 16 October, This 
conclusion is consistent with orevious work (5, 6, 7, 8). DN-1 seemed less affected 
than Santobrite and Dowcide G. The poorer results for the 1-day post-treatment col- 
lections of the second fall series as compared with those of the l-day collections 
were undoubtedly due to the fact that irrigation water was inadvertently turned into 
the ditch between these two collections. Empty shells may have been floated away or 
covered. 


Because of the very irregular results obtained in the fall tests, it is now rec- 
ognized that April and May are more suitable for field-plot dilution tests. Inter- 
ference from environmental conditions and farming activities are less likely; and 
since snail control programs are carried out by the Japanese at this time of year, 
the environmental conditions for the tests would be the same as would be encountered 
in the control work. 


Figure 1 shows the relative efficiency of the various chemicals. The upper 
right-hand portion of the graph is critical. For a curve to pass through it, the 
chemical must give a 95% kill with 0.) gms per sq. ft. or less. Molluscacides meet- 
ing these criteria are designated as highly effective. Those killing at a rate of 
90% at this concentration are classed as fair, and below 90% as poor. Of the 21 
chemicals tested, 8 may be listed as highly effective. 


Santobrite and DN-l have probably been the most extensively tested of all of the 
newer molluscacides. These, then, should serve as controls and as a basis of compar- 
ison for testing other chemicals. From the spring data, 0.05 gm of DN-1l per sq. ft. 
was as effective as 0.2 gm of Santobrite. In the fall tests 0.0125 gm of DN-1 was 
more effective than 0.05 gm of Santobrite, while 0.1 gm of the latter was only slightly 
better than 0.025 gm of DN-1; and correspondingly, the same ratio was maintained for 
the next two higher dosages. It there re appears that the ratio of effectiveness is 
h:1 in favor of DN-l. .MeMullen et al obtained similar results with these two for- 
mulations. The same effective ratio of h:1 was obtained in the immersion tests; (see 
Molluscacide de pmegdigs! c, ° Spi Screening Tests, supra vide). The excellent results 
obtained by Hunter et al ) with Santobrite was accomplished with approximately 0.) gm 
per sq. ft. Whether equal results can be obtained with a lesser dosage is conjectural. 
Final evaluation of these two molluscacides may well have to await further large-scale 
control efforts employing both. 


Dowcide G gave consistent igher kills than Santobrite in the spring tests. 
This had previously been noted h » but in the fall tests, reciprocal results were 
obtained. 


The consistent results obtained with Dowcide B in both the spring and fall tests 
indicate that this chemical is highly effective at 0.2 gm per sq. ft. but ineffective 
at lower dilutions under prevailing conditions. There are indications that 2, h, 5 
Sarat Se is more effective than its sodium salt (Dowcide B), 0.1 gm giving a 
kill of 95%. 


Dinitro-o-sec-butylphenol gave superior results at all applications, from .3 gm 
down to .05 gm, over all of the eight good molluscacides. In all dilutions a mortal- 
ity rate of 97% or higher was noted. The possibility of it surpassing both DN-1 and 
Santobrite in effectiveness is anticipated in the forthcoming spring tests. 


The formulation DN-2 (Dinitro-o-cyclohexyl creosol), was tested only in the fall. 
The results were promising, since it gave kills comparable to Dowcide B and possessed 
a good residual quality. Further tests are indicated before any conclusions can be 
made, Likewise, 2, 2', methylenebis (l, 6 dichlorophenol) gave good results, but 
requires further testing. Curiously, this chemical was relatively ineffective in the 
plate tests conducted in the laboratory. 


Six other chemicals gave fair results and may warrant further testing, but it 
seems unlikely that their results will surpass the eight discussed above, 


It should be emphasized that with the exception of Santobrite and DN-1, the 
cost efficiency ratio was not considered in the judgment of an effective mollusca- 
cide. When prices are made available, chemicals requiring greater concentrations 
may still be more economical. Of importance in this regard are the observations 
gained from the field-plot dilution tests showing that equally as good results may 
be obtainable with lesser chemical quantities than those indicated by previously 
conducted field screening tests and large field tests. 


MOLLUSCACIDE STUDIES - EVALUATION OF FIELD PROCEDURES: Several methods of 
apply molluscacides were evaluated, including the use of impounded waters for 
exposing snails and introduction of chemicals into continuously flowing water. 

The garden-sprinkler method of applying water-mixed compounds served as a standard, 
or control test. Consideration was given to the optimum amount of water required 
as a dispersing medium, and a new method of sampling the snail population was tested. 


Procedures and Observations - Application of Chemicals to Imnounded Water - 
Ditches were selected in which water could be readily impounded, including one which 
was rock-lined with deep crevices. The volume of water introduced was determined, 
and an appropriate quantity of chemical was thoroughly mixed with it. The mixture 


was splashed and poured on to the banks and shoulders of the ditches, 


_ Mortality rates for pre-and post-treatment collections are shown in Table VIII. 
Effective kills of 95% or higher occurred in all four tests undertaken. In one 
ditch no repopulation was evident at the end of the first summer following treatment. 
The impounding method, where feasible, has considerable advantage for rock-lined and 
otherwise irregular ditches, assuring that the chemical reaches all interstices. 
Grass-cutting and water-carrying are avoided, reducing labor required, but the method 
appears less economical in the amount of chemical required. In three of the exper- 
iments, the concentration of the chemical (DN-1) was calculated at 27, 33, and 39 ppm. 
The amounts required to give these concentrations were about equivalent to 0.) gm per 
sqe ft. This is at least four times the amount required to give equal results with 
the sprinkler method. However, a test carried out during the fall months with 10 opm 
(0.13 gm/sq. ft.) gave equally effective results. It is not anticipated that applica- 
tion of chemicals to impounded water could be used to the exclusion of sprinkling. 


Continuous-Flow Application of Chemicals - A continuous-flow application 
was tried Tp 5 ditch 2700 Tost in leneth (Table Virt) . The chemical mixed in water 
at a high concentration was syphoned into the irrigation ditch, where the flow of 
water was maintained at a depth of to 6 inches. As the mixture was carried down 
stream, it was splashed and poured by long-handled, night-soil dippers onto the 
sides and shoulders of the ditch. The amount of chemical thus applied was about 
0.2 grams per sq. ft., which at least doubled that required by the sprinkling method. 
This method is commonly used in Yamanashi Prefecture for the application of calcium 
cyanamide. Although the average percent of kill (90.l%) was not as high as that 
achieved by the sprinkler method, certain attributes seem to warrant further tests. 
Considerably less labor is required as water-carrying is eliminated and cutting of 
vegetation is not necessary. The pouring and splashing of the water onto the bank 
and shoulder gave a more thorough coverage than sprinkling, allowing the chemical 
to penetrate root masses, crevices and holes where snails are commonly located in 
hibernation or during dry periods, The distribution, however, was not uniform 
because an excess of’ the chemical was deposited on the bottom of the ditch. The 
splashing and pouring of the water tended to offset this since many of the snails 
were washed from the sides to the bottom of the ditch, thereby increasing the chance 
of lethal exposure. 


The possibility is entertained of a molluscacide killing eggs and newly hatched 
snails at such low concentrations that it would be vractical to apply the chemical | 
directly to irrigation waters at critical times during the summer. If such is the 
case, the continuous-flow method would be applicable and vractical. Experimental 
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tests carried out at an agricultural experiment station in Kofu have shown that DN-1 
and Santobrite at low concentrations do not damge rice plants. 


Table VIII. Evaluation of Methods of Applying Molluscacides 


Dosage* Molluscacidal Effectiveness** 

if Ditch ppm or Pre-treatment Post-treatment 

\ Chemical Length gms/sq ft (Controls) 4 days 1, days 
q SPRINKLING 

i DN - 1 30 ft .2 em 2.2% 95 hg 96 Lg 
i! (326) (287) (282) 

i DN -1 30 ft el gm 0.9% 89.3% 95.2% 
i (206) (25h) (340) 

‘ DN -1 765 ft 0.2 gm 12.0% 717.0% «91. 7H 

i (2572) (2326) (1800) 


it IMPOUNDED WATER 


DN -1 81 ft 27 ppm 2% 99.54 - 
-4 gm (571) ( 856) 
-4 gm (451) (151) (911) 
DN -1 675 ft 33 gm 5.6% 95.8% ~ 
(2591) (3621) 
DN - 1 350 ft 10 ppm 1.0% 85. 8% 9.6% 
-l gm (556) (330) (205) 


CONTINUOUS-FLOW APPLICATION 


DN - 1 2700 ft 31 pom 4.2% 87.9% 90 .h% 
2 gm (3105) (2000) (3086) 


q * Dosage in all cases refers to active ingredient 
** Percent of snails dead and number collected 


Molluscacide eee ieney in Relation to varying Amounts of Diluent Used In 
e@ amount of water use 


Application - een suspecte n dispersing the 
ore ctrets is a critical factor in molluscacidal effectiveness. As 100 ml per sq. ft. 
was recognized as about the minimum which would give complete coverage, its effect- 
iveness was compared with 200 ml per sq. ft. This variable was tested by applying 
0.1 and 0.2 grams each of Santobrite and DN-l. The differences obtained were incon- 
sequential. 


The Sprinkler Method For Applying Molluscacidal Chemicals - The results of 
this method of application have been thoroughly cussed by earlier workers who 


found it vreferable for general routine application of molluscacides in ditches which 
were not rock lined or irregular in contour. This method gave the highest percentage 
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of kill and allowed for better control of the various concentrations of the chemical. 
Probably the greatest drawback in its use is the necessity of having large numbers of 
field hands present to cut grass, carry water, and apply the chemical to the ditch. 
For routine field-plot tests of new chemicals, the method is highly vreferable because 
of its consistent results, 


A New Method of Taking Pre- and Post-Treatment Samples of Snail Population - 
For the amphibious snail, 0. nosophora, the nopulation Sanat ing method oreviously used 
entailed collecting all snails in a series of quadrates one foot square. Some such 
unit of sampling is imperative when population reduction is the criterion for evalua- 
tion. Jn experiments of short duration (two weeks or less), such as routine field-vlot 
tests, the mortality rate is deemed an adecuate evaluation method. In such cases an 
arbitrary number of snails (200) are collected uniformly from the experimental plot. 
In experiments which must be followed over a long period of time, it becomes necessary 
to use population reduction as the criterion, since the shells are either soon covered, 
washed away, or destroyed, 


The quadrate method of sampling is not entirely adequate, and a new procedure 
based on snail numbers collected during a unit of time was tried instead of a unit 
area. This method was tested in relation to the 2700 foot ditch which was treated by 
the continuous-flow method of application. The ditch was divided into nine 300-foot 
sections, Two men collected from each for a period of fifteen minutes. Each covered 
half the distance, collecting at a series of points throughout the allott:d footage. 
At any one point picking proceeded from the bottom of the ditch to the shoulders, 
covering a variable width as dictated by the snail density. By the procedure outlined 
eight men collected about 3,000 snails in 32 minutes. It is imperative that the same 
individual be used for both pre- and post-treatment collecting. The method is be- 
lieved to have considerable merit. 


THE INCUBATION PERICD OF THE EGGS OF ONCOMELANIA NOSOPHORA: OF g inal observations 
on eg jagying and incubation for 0. nosophora were made by Sugiura » followed by Ab- 
bott £10)" and McMullen (11)on 0. naeraet The first two investigators reported ? 
1)-15, and a 15-day incubation period, respectively. From our 1951 observations (4, 12) 
initial hatching occurred on the twelfth day after laying, but the vrocess was staggered, 


ranging uv to thirty-five days. When the data were graphically represented, two peaks 
of hatching at 16-19 days and 2-27 days were noted - a bimodal curve, 


Two additional experiments on incubation time of 0. nosophora eggs were made in 
1952, one during March and Avril at temperatures of 20-2500. and the other during May 
and June at temperatures ranging from 25-29°C, 


Procedures - Female snails, distinguished on the basis of size, were main- 
tained on moist filter paper in petri dishes (1) with decayed leaves and straw as food. 
Since it had been noted in 1951 (l) that snails in petri dishes showed a preference for 
soil as a laying site, in contrast to leaves, straw, and filter paper, small mud cubes 
were placed in each dish. These were prepared simply by packing md in a petri dish, 
and after partial drying, cutting it into one-half inch cubes. The eggs were laid 
singly in the mud in shallow excavations, prepared by the snail. The depression appeared 
to be lined and in turn capped with a fine-textured material. If laid on leaves, straw 
or filter paper, the eggs were covered with a dome-shaped case. All mud cubes contain- 
ing eggs, and isolated egg-cases located elsewhere in the dish, were transferred daily 
from the series of laying chambers to a single petri dish, which served as an incubation 
chamber. Separate incubation chambers were used for each day's collection. Mud cubes 
were replaced for subsequent collection. When hatching started, the young snails were 
removed from the incubation chambers daily. 


The first group of 383 eggs was collected between 10-31 March and the second of 
1098 eggs from 15 May to 11 June. Each group was actually comprised of a series of 
collections, incubation being timed for each collection individually. 


! 


Results - Data on incubation time of 0. nosophora eggs are granhically ren- 
resented in Figure 2. A few eggs hatched as soon as 13 days after deposition, but 
the majority required longer, ranging to 36 days. This range was the same for those 
laid in March as those in May and June. The period of maximum hatching, however, dif- 
fered for the two groups, occurring 2-25 days after laying in case of the earlier 
collections and 18-19 days for those deposited in May and June. This difference is 
undoubtedly associated with a temperature variable. Daily temperature readings gave 

a range from 20° - 25°C for the early group and 2° - 29° for the later ore. 


The observations of Sugiura (9) and Abbott (10) coincide only with the initial 
portion of the time-range noted in the current study. Although the conditions of the 
petri dishes appeared quite favorable for laying and incubation, as indicated by the 
number of eggs collected and a hatching rate of about 85%, it is possible that they 
did not afford optimum conditions. It is still unknown whether the snail lays vri- 
marily on moist surfaces in nature or has a preference for water. If eggs are nor- 
mally deposited on moist surfaces, it is possible that they subsequently become 
submerged. 


The initial observations in 1951 (4s 12) suggested two peaks of hatching, but 
this was not confirmed in 1952. It is believed that favorable hatching conditions 
were unknowingly interrupted in the 1951 experiment; possibly the moisture of the 
dishes fell below the optimum. 


The possibility of snail control measures being expedited by knowledge of egg- 
laying and incubation is: entertained. Marked lethal effects of molluscacides on newly 
hatched snails at very low concentrations has been demonstrated in the laboratory. 
Molluscacides successfully introduced in irrigation water within a month after maximum 


egg laying, and repeated every two or three weeks during the egg-laying period, might 


result in effective control. 


EGG LAYING TENDENCIES OF ONCOMELANIA NOSOPHORA: Only limited investigations have 
been made on the ©pgy Laying habits of Oncomelania nosophora. The eggs were first ob- 
served by Sugiura (9), who recovered them initially from the natural environment and 
subsequently under laboratory conditions. His observations included those on the 
seasonal duration of laying and the number of eggs produced per female. These same 
points of consideration were recently studied by Ishii and Tsuda 


During the spring and summer of 1952, several aspects of oviposition for 0. nos- 
ophora were investigated, including the occurrence of laying in correlation with ~ 
snail-size; the seasonal duration of reproduction; and the duration of fertility 
after copulation. 


Methods - Female snails, distinguishable in part on the basis of a size dif- 
ferential, were maintained on moist filter paper in petri dishes containing mud cubes 
and decayed leaves, and straw included as food. As it was difficult to recognize 
and count the eggs in the mid, the reproduction capacity was determined on the basis 
of newly-hatched snails. It was estimated that 85% of the eggs hatched. 


Observations and Discussion - Occurrence of Lay ing and the RS 
Capacity Corre. Ww na ze - ata collected are incorporate able IX, 
total of 113 female snails were individually isolated and observed for laying. Of 


these, 100 (89%) laid eggs from which young snails hatched. The occurrence of laying 
did not vary for snails measuring 7.0, 7.5, and 8/ mm in size. The single specimen 
measuring 6,5 mm laid, while 12 measuring from 5.0 to 6.0 mm did not. 


The average number of young produced by each female was 23. The variations in 
this figure for the several snail sizes were hardly significant. Eight of 53 females 
produced 10 or less offspring; three accounted for 50 or more, the largest number being 
65, while 32 produced between 11 and 30 young. 


For peers groups of snails under different laboratory conditions Ishii and 
Tsuda (13) noted variations in egg-production ranging from 17 to 100 eggs per female. 
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350 Group 1. Eggs laid between 10 and 31 March. 

a a aa Snails hatched 26 March to 22 April. 
Total number of snails hatched 383. 
Room temperature 20°—25° C. 


Group 2. Eggs laid between 15 May and ll June. 

notes a ceat Snails hatched 31 May to 26 June. 
Total number of snails hatched 1,098 
Room temperature 24°—29° C. 
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Figure 2. Incubation Period of Oncomelania nosophora Eggs 
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a Table IX. Reproduction of Females Correlated with Snail Size 


Snail Occurrence of Laying Number Offspring Produced 
Size No. Females Number Percent No. Females Number Average 
(mm) Observed Laying _Laying Observed Young Young 
Regd 45 Lo 89% 20 512 26 

) 7.5 39 35 90% 26 569 22 
7.0 29 25 86% 6 108 18 

[ 6.5 1 1 - 1 32 32 

f 5.0-6.0 12 ) O% 

Totals* 113 100 894 52 1189 23 

i 


+ Only snails 7.0 mm and over 


I 

; 

} They believed that the size of the containers in which the snails were maintained 
i exerted a significant influence on reproduction. 


The Seasonal Duration of Reproduction - Snails collected about mid-February 
were maintained at 10°C until early ence. when they were individually isolated on 
filter paper in petri dishes. Initial laying was noted on 10 March, which was prob- 
ably about two months prior to the first laying in the field. This difference was 
undoubtedly due to the higher temperature of the laboratory (about 20°C). Two exper- 

imental categories of females were established; (a) those individually isolated, and 
(b) those isolated in pairs, male and female. Considering first the total figure, it 
was found that l% of the young were hatched in April (none in March), (Table X). 


Table X. Monthly Recovery of Newly-Hatched Snails 


Snail Groups 


Males Not Males 
Included Included (1:1) Totals 
No. % No. % No. % 
No. Females Laying* 15 38 53 
Snails Hatched In: 
April 208 50 329 LO 537 Lh 
May 59 1y 120 15 179 15 
June 76 18 125 15 201 16 
July 58 ly 1h9 18 207 17 
August ge eg | 92 11 105i si 
Total 41h 100 815 100 1229 100 
Av. Young/Fenale 27.6 21k 


All males were finally crushed, thus priving their sex. 

During the sheet of May, June, and July hatching was at a uniform level, the 
respective figures being 15, 16, and 17%. Only 9% of the total were hatched in August, ~ 
and none in September. It was noted that the females producing the most eggs had the 
longest laying span. 


The inclusion of a male with each female did not result in an increase in the nun- 
ber of young produced. Although copulation was noted, records were not kept of the 
extent. The data did suggest that a larger portion of the females brought in from the 

field in April laid than those collected in February. Regardless, the observations 
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warrant the conclusion that a high level of fertility is assured even prior to th 
spring peak of copulation. “5 2 


In contrast to our findings Ishii and Tsuda (13) observed initial laying in May 
with a peak in June and July. Their observations are to be expected in nature. Very 
likely the temperatures of their laboratory were low during the spring months. In 
their experiment, laying continued throughout August, but at a very low level. 


Duration of Fertility Follow Co tion - A group of eight female snails 
originally collected in cop ion ng the spring of 1951, were maintained in iso- 
lation continuously until the spring of 1952. All had laid in the interim, In 
March 1952, each of four received two males, while the other four were retained in 
isolation. Egg-laying occurred in March in both groups and newly-hatched snails 
were recovered in April. The numbers of young produced by the two groups were about 
equal. In May, however, the females having received males produced a much larger 
mumber of young. This difference was maintained throughout June and July, with only 
a moderate drop in August (Table XI). Females which did not receive a male in the 
spring of 1952 produced a small number of young. The numbers of offspring per female 
for the two groups for each month is shown in Table XI. It is highly significant 
that females can produce viable eggs for more than one year after copulation, 


Table XI. Duration of Fertility Following Copulation 


Number 
Females Newly Hatched Snails Recovered in 1952 
Tsolated April Ma June Jul Aug. Average* 
Males not Included h 15 9 9 4 ) 9.3 
in 1952 
Males+* Included L 18 ho 36 39 25 1.8 
in 1952 


* Average number of eggs laid in 1951 by the 8 females was 15.6 

#* Males were crushed at the end of the experiment to prove their sex. 
In three dishes both were males. In one dish one of the spec- 
imens believed to be male was, in fact, a female, but size 
and body condition made it unlikely that it had laid. 


A single fertilized female remaining after molluscacide application could 
account £85 re-population even in the absence of a male, From field observation in 
Kyushu ( the residue of snails following four applications of Santobrite was 
found to be about 95% female. These two observations constitute a serious barrier 
for control measures directed at adults. Control measures should include attack 
at eggs and newly hatched snails as well. 


PROSPECTUS FOR CONTROL MEASURES AGAINST NEWLY-HATCHED ONCOMELANIA NOSOPHORA: 
The circumstances and possibilities pertaining to control of 0. nosophora by attack- 
ing the egg and newly-hatched stages of the snail are being given tien) cons ider- 
ation. The very young snail is, in contrast to the adult, apparently limited to 
the aquatic habitat, This, and the absence of a protective shell, make it vulnerable 
to chemicals introduced into irrigation water. The chief problem in this regard is 
whether the MLD for newly-hatched snails is sufficiently low to make dispersal in 
the rapidly-flowing irrigation waters economically practical. Only preliminary in- 
formation (Table XII) is available. Both Santobrite and DN-1l were applied to newly- 
hatched snails at concentrations of 1.0, 0.5, and 0.25 ppm (active ingredient). 
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Table XII. The Effects of Very Low Concentrations of Santobrite 
and DN-1 on Newly-Hatched 0. nosophora 


Conditions of 

eriment 30 mirnmtes 
Controls All active 
DN-1 All active 
1.0 ppm. 
DN-1 p All active 
0.5 ppm. 
DN-1 Some closed 
0.25 ppm. 
Santobrite All active 
1.0 ppm. 
Santobrite All active 
0.5 ppme 
Santobrite All active 
0.25 ppm. 


2 hours 


All active 


1 active 
7 closed 


8 closed 


8 closed 


1 active 
5S closed 
2 no reaction 


1 active 
6 closed 
1 no reaction 


3 active 
5 closed 


hours 


12 active 
1 dead 
2 lost 
1 closed 


1 closed 
7 no reaction 


1 closed 
7 no reaction 


8 no reaction 


S closed 
3 no reaction 


3 closed 
S no reaction 


6 closed 
2 no reaction 


Observations After Varying Intervals of Exposure 


6 hours 

9 active 

1 dead 

2 lost 

l closed 

8 dead 

1 no reaction 


7 dead 


1 no reaction 
7 dead 


1 no reaction 
7 dead 


8 dead 


2 no reaction 
6 dead 


16 snails used in control group 


8 snails used in each of the other groups 


Closed - operculum closed, contracted when operculum was touched 


No reaction - operculum closed and no reaction to touch 


Dead - body distended from shell, no response to touch 


Initial damage was evident with both molluscacides after two hours in all three con- 
centrations; after + hours, they were either dead or dying and after 6 hours, most 


of the young snails were considered dead. 


It appears, then, with a six-hour exposure 


period that the MLD for both Santobrite and DN-1 will prove to be less than 0.25 ppm. 


Attempts to confirm these findings will be made during the spring of 1953. 
prove correct, it will be of interest to compare 
Kuntz and Wells 


hatched snails to molluscacides, 


7) 


If they 


suceptibility of eggs and newly- 
» limiting attention primarily 


to eggs of Biompwer and Bulinus, found they were killed by 1-3 parts of dinitro-o- 
a 


cyclohexyl-pheno 


ctive ingredient of DN-1) in 2k hours. 


The protection of the 


gelatinous layers of the egg against molluscacides may prove to be considerable, 


making the newly-hatched a more favorable stage to attack. 


It is still not known 


whether the eggs of 0. nosophora are primarily laid in water, or on the moist surfaces 
immediately above the water Line where they would be less vulnerable to molluscacides. 


IMMUNOLOGIC RESISTANCE AGAINST SCHISTOSOMA JAPONICUM IN THE MAMMALIAN HOST AS 


DEMO : We have previously made attempts to demons 
Ologic resist by repeated infections in hamsters and mice. 


been sompteted (a) and a third is here reported. 


Two experiments have 
The preceding experiments sug- 


gested that some resistance is derived from initial immunizing exposures, 
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Results -(Table XIII) A total of 130 adult worms (average 6.8) were recov- 
ered from 19 control mice, each of which received ten cercariae on the initial expo- 
sure. Twenty-four reinfection controls receiving 80 cercariae each, harbored 916 
worms, or an average of 39.) worms per animal. For these two groups, the recovery 
rates of cercariae as adults were 68.) and 9.3 respectively. The average rate of 
51.0% was consistent with results obtained in this laboratory over a period of h-5 


years. 
Table XIII. Immunologic Resistance Against Schistosoma japonicum 
as Demonstrated by Reinfection 
Control Animals 
For Initial For 
Exposures Reinfections Totals Experimental Animals 
No. Mice Infected Ke) 40 40 
Date of Exposure’ 22-2) April 2h July to 22-2 April 1952 and 
1952 2 August 1952 2h July to 2 August, 
1952 
Date of Autopsy After 1 month After 1 month 1 month after second 
exposure 
No. Cerc./Mouse 10 80 90 90 
No. Mice Posted 19 2h 28 
Worms Recovered 130 946 1076 761 
Av. Worms /Mouse 6.8 394 6.2% 2722 
Recovery Rate of 68.L4 49.3% 51.0% 30.2% 
Cerc. as worms 
Reduction of 41.1% 


Worm Burden 


* This figure is the sum of the average worm recoveries and 
serves as a basis (100%) in determining the percentage 
of reduction in worm burden. 


Each of the 28 mice under study received 10 cercariae for the immunizing ex- 
posure and 6) at the time of reinfection. They were exposed, then, to the same 
number of cercariae as those of the control groups combined. The recovery of 761 
worms from the 28 experimental mice represents an average of 27.2 worms per mouse 
or a recovery rate of 30.2%. This constitutes a reduction in worm burden of 1.6%. 
It may be noted again that the recovery rate of cercariae as adults in animal in- 
fections has been quite consistent in this laboratory over a period of several 
years. In light of this, and controlled as the experiment was, it seems that the 
reduction in the worm burden is significant. The results were in accord with 
those of the two previous experiments, (R which the worm burden reduction for 
mice was 36.9% and 37.3%, respectively 4). It is believed that evidence of im- 
munologic resistance has been demonstrated. 


INVESTIGATIONS ON SCHISTOSOMIASIS IN TAIWAN: The existence of an intermediate 
molluscan host (Oncomelania formosana) of Schistosoma jepenicr in Taiwan has long 
been known. Although animal reservoirs have been noted, bonafide human infections 
have never been reported. It has been assumed by some that a careful survey would 
probably reveal human cases, Dr. H. F. Hsu, Department of Zoology, National Taiwan 
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University, examined stools of approximately ),000 persons without conclusively dem- 
onstrating schistosome eggs. Single eggs were noted in 2 or 3 cases but none were 
confirmed. The simple sedimentation technic, which was effectively used, is gener- 
ally recognized as a satisfactory method for the recovery of eggs. It was proposed 
that the skin-testing procedure developed in this laboratory be employed to comple- 
ment the above diagnostic procedure. An invitation was extended to the Chief of the 
Department to visit Taiwan to perform these tests. The project was accomplished 
between the lth and 26th of September. 


Approximately 2,500 persons in six villages of the endemic area of central Tai- 
wan were skin-tested with an adult-worm saline extract in a concentration of 1:10,000 
(merthiolated). This antigen was prepared from specimens obtained by experimental 
animal infections. A merthiolate-saline control was also used. A seventh village 
outside of the endemic area was tested as a control against false positive reactions. 
A positive reaction was designated as one in which there was an increase in the der- 
mal wheal of 3 millimeters in excess of the control. When enlargements of 2 to 2.5 
millimeters occurred, the case was designated as doubtful, and less than this were 
considered negative. 


Positive reactions were obtained in about 7 percent of all the veople examined, 
ranging for the several villages from about to 17 percent. The reactions were 
quite typical in size and appearance as compared with those encountered in hyper- 
endemic areas of Japan. In the nonendemic control area, only one person among 10, 
or 0.7%, tested gave a significant reaction. In this case the wheal was of minimum 
size and might fairly have been called doubtful. Similar checks in nonendemic areas 
in Japan have indicated that false positives are infrequent. The antigen has been 
shown to produce no reaction in cases of paragonimiasis or clonorchiasis, 


In other endemic areas of Schistosoma javonicum a high percent of the children 
are infected with a maximum incidence being reache 15 years of age. In Taiwan, 
positive reactions did not occur in children under 10 years of age. 


Concerted effort will now be made by Dr. Hsu and associates to recover schisto- 
some eggs from the persons found positive by skin-testing. Three different tech- 
nics will be employed on 3 stools from each person - the AMS IIT (acid-sulphate-ether) 
concentration technic, an egg-hatching method, and the sedimentation method which 
has been routinely employed, 


Even if eggs are finally recovered from humans, it is anticipated the infections 
will be lizht and that the disease is not one of public health concern in Taiwan. On 
the other hand, if eggs are not recovered from any of the positive cases, it is prob- 
able that humans are not a suitable host for the Taiwan strain of schistosomiasis, 


‘Initial experimental infections of Formosan monkeys carried out by Dr. Hst have already 


suggested this, as only immature worms have been recovered. Before final conclusions 
are reached exposure of human volunteers will be undertaken. In addition to attempting 
egg recovery it will be determined whether they become positive to the intradermal 
tests, either with or without egg production. It is believed that Dr. Hsu's investiga- 
tions, as here outlined, will furnish conclusive information regarding the status of 
human schistosomiasis in Taiwan. 


THE PENETRATION-TIME FOR THE CERCARIAE OF SCHISTOSOMA JAPONICUM: Although innum- 
erable an nfections wi c osoma japonicum have been performed since its dis- 
covery by Katsurada, in 190), the time required for cercariase eogain entry into the 
mammalian host has not been conclusively demonstrated. Faust (15) mentioned that 
eg of schistosome cercariae into the epidermis may require less than 10 minutes, 

Tio (16) investigated this problem with cercariae of S. japonicum by means of histo- 
pathologic section, while Hitchcock 17) directly observed penetration of the cercariae 
of S. mansoni. Currently, on the basis of worm recovery at autopsy, evidence of a 
more conclusive nature has been obtained regarding the penetration-time for the cer- 


cariae of S. japonicum, 
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Methods - Experimental animals were shaved over most of the back 2h hours 
before exposure. The method of exposure was that previously reported by Pan et al (18), 
with the exception that the animals were held by hand. Commonly, 75 to 100 cercariae 
were used for each infection. Variations in the time allowed for penetration varied 
from 10 seconds to 5 minutes. Immediately upon completion of exposure, the animals 
were thoroughly rubbed dry with gauze. They were sacrificed three to four weeks later. 


The recovery of the adult S. japonicum was ode by the use of the perfusion 
technic previously described Pan and Hunter (19), 


An attempt was also made to determine whether the water film and/or evaporation 
of water adhering to the skin after exposure enhanced penetration. This was done by 
using short exposure periods (10 and 15 seconds); air-drying under an electric fan, 
which required less than five minutes; and then comparing the worm recovery with that 
of the three and five minute exposures which were terminated with immediate drying of 
the animals, 


Results and Discussion (Table XIV) Infections were obtained in mice with per- 
iods of exposure as short as 10 seconds, while for hamsters the shortest interval afford- 
ing infections was 30 seconds. Although 50-75% of the animals became infected for all 
exposure intervals under three minutes, the percentage of the cercariae recovered as 
adults remained low, and did not increase progressively, particularly in the mouse 
series, The few worms taken at autopsy for exposure periods less than three minutes 
may represent those cercariae protected from wiping by gaining access to skin follicles 
or crevices, actual penetration of the epidermis occurring later, 


When three minutes were allowed for penetration, a striking increase in the infec- 
tion level occurred; 97.7% of the cercariae applied to hamsters were recovered as adult 
worms, The number of hamsters used was small, but such results have, not uncommonly, 
been obtained in previous experiments where 30 minutes were allowed for penetration. 
When three-minute exnosures were used for mice, 52.0% of the cercariae were recovered 
while from a five minute exposure this figure inereased only to 55.2%. Essentially the 
same results have been obtained consistently in this laboratory for mice with exposures 
of 30 minutes. It appears, under the conditions of the method used, that three minutes 
afforded near-maximum infections in both hamsters and mice, 


These results are essentially in agreement with work of Hitchcock (17) who ob- 
served actual penetration. For 75 cercariae seen entering the skin of hamsters, the 
average penetration time was l.3 minutes, the range being 2-15 minutes, For mice, with 
50 cercariae observed as penetrating, the corresponding figures were 3.6 minutes and 
2 e 5-8 minutes. 


Apparently the method used for exposing the animals (18) tends to foster almost 
simultaneous contact with the skin by all cercariae. This is reflected by the abrupt 
occurrence of a near-maximum recovery of cercariae after three-minute exposures. More 
than 3 to 5 minutes for exposure of mice and hamsters is not necessary, affording a 
considerable saving in time and lessening damage to the experimental animals. Under 
natural conditions, such a rapid penetration by cercariae certainly increases their 
chance of completing the infection cycle. The hazard for the investigator is evident. 


Only limited observations were made on the effects of the water film and/or evaporation 
on penetration (Table XIV). Combining short contacts (10 and 15 seconds) with rapid 
air-drying (total time not exceeding three-five minutes) recovery percentages of 35.9 
and 65.5% were obtained for mice. The effectiveness, or hazard, of even very short 
contacts with water containing cercariae, followed by air-drying is evident. The re- 
covery rates of 52.0 and 55.2% (mice)for three and five minute exoosures, terminated 
with immediate drying, were exceeded by the 15 second exposure combined with rapid air- 
drying (65.5%). This suggests some benefit from the water film and/or evaporation. 

The observation is inconclusive due to the small number of mice used for 15-second 
exposure. However, a method of determination may have been developed. Such an exper- 
iment is not indicated using hamsters, as maximum infections were obtained without air~ 


drying. 
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Table XIV. Recovery Rates of Cercariae as Adult Schistosomes With 
Different Exposure Times 


Exposure . Animals Animals Percent Total Worms Recovery 
Time Exposed Infected Infected Cercariae Recovered Rate (2) 
MICE: 
10 sec. 9 rT 77.8 1086 hh 4.1 
15 sec. 10 5 50.0 1021 90 8.8 
20 sec, 10 7 70.0 850 87 10.2 
30 sec. 10 7 70.0 67h ho 7.3 
1 min. i 5 55.6 39h 13 3.3 
2 min. k 3 75.0 199 13 6.5 
3 min. ly 13 92.9 727 378 52.0 
5 min. 10 10 100.0 4h6é 216 55.2 
HAMSTERS#++ 
20 sec. 8 fe) 0.0 605 0 0.0 
30 sec. 6 3 50.0 557 8 Lek 
1 min. 8 hk 50.0 697 57 8.2 
2 min. 5 5 100.0 4,82 68 1y.1 
3 min. 3 3 100.0 176 172 97.7 
MICEsHH+ 
10 sec. 10 10 100.0 1037 372 35.9 
15 sec. 5 5 100.0 565 370 65.5 


* Animals were wiped dry immediately after exposure 
*# Animals were wiped dry immediately after exposure 
“#* Animals quickly air-dried (3-5 min.) by electric fan 


THE EPIDEMIOLOGY OF INTESTINAL PROTOZOA IN FAMILY GROUPS: Introduction - The 
epidemiologic study of intestinal protozoa is a broad undertaking which has been 
approached from many directions. Consideration here is directed toward the family 
group as a means of investigating endemic transmission of intestinal protozoa, in- 
cluding the frequency at which new infections occur, and the possibility of spontan- 
eous elimination. 


The wealth of information available from such an undertaking has not been widely 
uncovered either in Japan or in other countries, presumably because of the large 
physical requirements imposed by such a task. One of the largest such family studies 
reported was conducted by Seckinger (20) in which he observed familial trends in ame- 
biasis among 69 families. Craig (21) summarized the reports of several investigators 
who, by examining families where infections were found in one member, reported that 
other members of these families were also frequently infected with E. histelye ieee 
Mackie and Nauss (22) reported on a family of 6 li-‘ng in New York, four of whom 
were infected with E. er? the probable mode of transmission having been 
through a parent who had resided outside the city. 


The present study is directed toward considering the effect cf age, sex, and 
household duties on incidence of amebiasis, on spontaneous elimination of parasites, 
and acquisition after treatment. Because of the magnitude of the undertaking the 
final results of all the above objectives can not be reported at this time, 


Methods - In the fall of 1951, a brief survey of towns near Kofu City in 
Yamanashi Prefecture was conducted for the purpose of selecting sites for the current 
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selected and have been periodically observed during the past twelve months. Two of 
these villages, Mutsusawa and Kissawa, are situated on mountain sides while the 
other two, Tatomi and Hikawa, are found on the flat of the Yamanashi Valley, a tri- 
angular area approximately 20 by 18 by 13 miles, enclosed by mountain ranges. Mut- 
susawa draws its drinking water from the Kamesawa River and a rapidly flowing di- 
verted irrigation ditch which runs through numerous villages above this town and as 
many more below before joining the large Ara River. The stream conveniently serves 
as a medium for washing out "honey buckets", washing clothes, catching the spillage 
and seepage of the latrines, as well as being the source of the drinking water. In 
Kisawa, the second mountainous town, the drinking water is derived from wells, as 
is also the case for the two towns on the valley floor. One of the latter, Hikawa, 
has sometimes been flooded and studies are currently in progress to examine neigh- 
boring towns, one more frequently flooded, and one not flooded. The implication 
between contaminated wells and protozoan infection is evident. 


epidemiological investigation. Four villages showing high rates of protozoa were 
| 


The first series of repeated examinations was conducted in January, 1952 and 
included almost 1100 individuals. Of these, 1058 submitted a sufficient number of 
specimens to be included in the "true incidence" analysis. From these 1058 persons, 
5229 specimens were submitted, an average of 4.9 per person. Each person was exam- 
ined once every other day, over a period of ten days. The fecal specimens were 
brought to the village office on the morning of collection and then were brought by 
vehicle into Kofu City where the examinations were carried out in the 06th Medical 
General Laboratory special railroad laboratory car. There, the specimens were pre- 
pared and oxansase by highly skilled technicians using the formalin-ether concentra- 
tion technic (23), A study of the efficiency of the technic and the technicians is 
reported elsewhere, 


Discussion of Epidemiological Findings. "True" incidence ~- The results 
of the overall examinations are shown in Table XV. For the "true® incidence data, 
only the January examinations from each village were used. Five examinations were 
carried out over a period of ten days on each individual. The E. hostels inci- 
dence ranged from 27.6% to 13.5% (average 20.6%) in the four villages. Other pro- 
tozoa rates average 9% E. coli, 3% E. nana, 5.6% I. biitschlii, and 12.3% G. lam- 
blia. It is to be noted that these villages were selected because of their high 
rates of protozoa and are not, therefore, "average" areas, 


Table XV. Incidence of Intestinal Protozoa 
(January - 1952) 


Mutsusawa Tatomi Hikawa Kissawa 
No. 4 No. 4 No. ¢ No. % 
No. Examined 323 229 258 28 
No. Specimens 1578 1132 128), 1235 
No. with Protozoa 207 64.1 130 56.2 164, 63.6 171 69.0 
E. histolytica 8... 27.6 i eae, 3 16.7 65. Paes 
E. co 151 46.7 95 1.5 131% 50.8 137 55.2 
E. nana 300. 3430 Tt 84: 3986 98 38.0 88 35.5 
G. Tamblia 53 16.4 2h! 1S 1h Sek bO: 's1bek 
T. butschlii 29 9.0 3 1.3 ly Sel ly 5.6 


Seasonal Variations - Since individuals in Hikawa and Kissawa were not 
treated after the January study, a comparison of the January (winter) and September 
(summer) findings may be made. The data indicate that there was little variation 
that could be attributed to the season. While there was 2.1% more E. histolytica in 
January than in September in Hikawa, there was 5% less amebiasis in Kissawa, ere 
were similar variations in the incidences of other protozoa between January and Sep- 
tember, but none of the fluctuations were great enough to indicate that seasonal 


variations are significant. 
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Acquisition of Intestina] Protozoa ae ata Treatment - Individuals in 
Mutsusawa a atomi were treated for protozoa after the January examination. Five 
weeks after treatment (March) individuals were again examined five times each to 


determine the infection rates. During the following six months new cases of proto- 
zoa were acquired as shown in Table XVI. 


Table XVI. New Infections With Protozoa After Treatment* 


Village: Mutsusawa Tatomi 
Date: March Sept. March Sept. 

No. % No. % No. % No. 
No. Persons 319 31h 233 223 
With Protozoa \ 103° 32.3 1,0 = 6 66 28.3 7h 33.2 
No. Specimens 1536 156 11bh 1093 
E. histolytica 6 1.9 13 hel 2 0.9 5 2.2 
BE. coli 48 15.0 57 <- 182 29 39 38 17.0 
E. nana 28 8.8 Sh =«17.2 35 15.0 39 17.5 
T. butschlii at 3 3 1.0 1 0.4 1 0.4 
G. Tamblia We 3355 6h 20.4 ye 2h 10.8 


* Treatment given 5 weeks prior to March examination 


New infections that appeared during this 6-month period presumably indicate the 
normal rapidity with which protozoa infect persons in the communities under consider- 
ation. It is interesting to note that these increases were comparatively few in 
number. The value of mass therapy depends to a large degree on the rapidity with 
which the population becomes reinfected after treatment. These new cases reported 
in September were probably newly acquired, but might, at least in part, have been 
treatment failures. In either event, the data indicate that therapy was effective 
and that reinfection takes place slowly, thus enhancing the value of the therapy. 


Spontaneous Elimination of Infections - The data collected over a period 
of eight months indicate that possible eliminations appeared infrequently. Some 
such "losses" can be accounted for by the diagnostic limitations and irregularities 
in submitting specimens. Further observations are being conducted on this matter. 


Age Correlated with Rates of Amebiasis - The age of infected persons have 
been stcupet into ten categories, 1.e., 0-3, Yo, 7-10, 11-15, 16-20, 21-30, 31-0, 
41-50, 51-60, and over 60. By so doing observations may be made on the rates of in- 
fection within each grouv. These results are summarized in Table XVII. 


The fewest number of persons examined in any one age group was 72 (the 51-60 
year group), while the largest number fell in the 21-30 year group (151 individuals). 
The number of positive cases of E. histolytica in each age group is shown in Figure 3. 
It will be seen that there is a steady increase in the rate of infection through the 
51-60 year group. The only major change in the overall infection rate occurs after 
reaching the age of 60, where there is a sharp decrease from 38.9 to 16.6% infection. 


Faust (24) noted for 4,000 patients in New Orleans that the highest incidence 
occurred between 26-30 years, foll 24 by a rapid decline after 35 years of age. In- 
vestigations of Milam and Meleney 25) in Tennessee indicated high levels of infec- 
tion until 50 years of age, and for older ages only a mo erate decrease. Another 
survey in Tennessee by Meleney, Bishop, and Leathers (26) showed a sharp rise during 
aernae ; slight increase during middle life, and a decline after 60 years. Cul- 
bertson \*7) stated that persons over 35 seldom harbor E. histolytica. The current 
data are essentially consistent with the findings in Tennessee, a sharp progressive 
increase during childhood and young adulthood, followed by continued though irregular 
increase during adult life, with a decline after 60 years. It should be noted that 
the protozoan infections were highly endemic in both the Tennessee area of invest- 
igation and Yamanashi. The level of endemicity may well affect the age-incidence 
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Figure 3. Correlation of Age with Incidence of E. histolytica - 1952 
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Table XVII. Sex and Age Correlated with Incidence of E. histolytica 


Positives 
Age Total Total Positive No. Examined Male Female 
Group Exam'd.# No. % Male Female No. % No. % 
O- 3 93 1 cee | 2 51 1 2h -- -- 
h- 6 80 iF 5.0 hy 36 1 2.3 3 8.3 
7-10 107 13 2.1 55 52 19 4804 3 5.8 
16-20 111 30 27.0 55 56 1° eK 19 33.9 
21-30 151 36 23.8 66 85 19 163 26 30.6 
31-0 115 36 31.3 Sh 61 16 29.6 20 32.8 
41-50 92 28 30.h 53 39 7 38 16 Siw 
51-60 To 28 38.9 36 36 1336.1 15 41.7 
61f 78 ‘3 16.7 38 40 a5 ogee The ee 
2he5 


Totals 1033 215 20.8 515 518 86 «(17.2 127 


* Correlations based on 5 examinations made in January; 
data incomplete for 25 persons 


relationship. The observations that have been made possible by the current investi- 
gation cast some doubt on the acquisition of immunity to amebiasis which has been 
postulated by some workers to account for the loss of infections over the 368 of 
thirty-five. These data generally tend to confirm the findings of Faust ( who 
noted that children under the age of five are less frequently infected than their 
elders. 


The Role of Sex - Sex evidently plays an important role in the incidence 
of amebiasis. Faust (eh) has stated that "...,all authorities are agreed that males 
are more frequently infected than females." Likewise, Culbertson (27) has reported 
that "In amebiasis ... a disproportionate (higher) number of cases are found among 
males which is not attributable to greater exposure." The results of our examina- 
tions do not corroborate the findings of these other workers. Table XVII summrizes 
these data. In January, a total of 515 males and 518 females were examined, Of 
these, 4 males and 127 females were positive for E. histolytica, or a ratio of 
1 to 1.4h. 


In determining the point in life where the rate of female infection exceeds that 
of the male, Figure h was drawn from the appropriate data in Table XVII. The data 
indicate that the female rate was lower only in the age groups 0-3 and 7-10, where a 
total of only 11 males and 3 females were concerned. In general, it may be stated 
that in the area studied the female rate is consistently higher than that of the male. 
No explanation seems adequate either for the larger number of males infected as re- 
ported by other workers, or for the larger number of infected females found in Yam- 
anashi Prefecture, Japan. 


Difficulty of Diagnosing E. histolytica in Small Children - Mention has 
been made hy other workers that difficulty is encountered in diagnosing amebiasis in 
small children. A study of our data reveals that such seems to be the case. Among 
children 0-5 years old more cases were diagnosed only once or twice out of five, than 
in the older groups. Additional examinations are expected to provide further infor- 
mation. 


Significance of Food-Handlers in Relation to Transmission of Intestinal Pro- 

tozoa - Existing information concerning the relative importance of the food-handiler in 
the transmission of intestinal protozoa is not conclusive. Correlations of data (Tab- 
les XVIII and XIX) were made to determine whether the food-handler was a primary factor 
in establishing the high incidence of infection in the population under consideration. 
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Figure h. Infection with E. histolytica Based on Age of Males and Females 
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The occurrence of E, histolytica in families for which the primary food-handler 
was infected with this organism, was compared with families where a "non" food-handler 
only was so infected. A third category of comparison was introduced by selecting one 
individual from each family by chance, and determining the infection rate for families 
of those positive for E. histolytica. Supportive comparisons involving E. coli and 

E. nana were also made. The mother of the predominant generation of a household was 
selected as the primary food-handler. Although there were usually secondary ones, the 
person selected was recognized as the one most apt to reflect the influence of the 
food-handler. The husband of the food-handler was selected as the "non" food-handler; 
if not available another adult male was selected. 


Considering families collectively for which the food-handler, "non" food-handler 
and chance-selected individual was positive, the incidence of E. histolytica, was 
36.4, 35.1 and 38.3%, respectively. For E. coli the corresponding figures were 59.l, 
61.1 and 65.04%; and for E. nana, 5.1, 806 and 48.9% (Table XVIII). The variations 
occurring here, with one exception, are not statistically significant; in the case of 
E. coli, the incidence was significantly less for families of infected food-handlers 
than for those of positive chance-selected individuals. These data indicate that 
transmission of protozoa by food-handlers was not a primary factor in establishing 
the high incidence among the population under consideration. It is quite possible 
that the influence of the food-handlers was not detectable because of superimposed in- 
fections due to other factors, 


Considering the reciprocal groups, e.g., families of negative food-handlers, "non" 
food-handlers and chance-selected individuals (Table XIX), E. ae tonayace: E. coli, and 
E. nana were consistently lower in the families of negative food- ers. Differences 
of statistical significance tended to occur between family groups segregated on the 
basis of food-handler and chance-selected individuals. Only in the case of E. histoly- 
tica was the difference between food-handler and "non" food-handler groups clearly 
Significant. Deviations between "non" food-handler and chance-selected groups were 


not significant. An explanation for these differences has not been recognized. 


Table XVIII. The Occurrence of Specific Protozoa in Family Groups Represented 
by an Infected Food-Handler, a "Non" Food-Handler 
Or a Chance-Selected Member 


SELECTEES POSITIVE FOR E. HISTOLYTICA 


FH NFH Chance Total 
No. Families 64 he 32 138 
Total Members 398 268 209 875 
No. Infected 145 9h 80 319 
Percent Infected 36.4 351 38.3 3604 
Chi Square 0.001 0.221 0.298 0.519% 

E. COLI 
No. Families 113 85 81 279 
Total Members 678 5h0 509 1727 
No. Infected 403 330 331 106) 
Percent Infected 59 lk 61.1 65.0 61.7 
Chi Square 1.3h9 0.057 2.518 3-92h* 
E. 

No. Families 9h 62 58 21h 
Total Members 574 391 352 1317 
No. Infected 259 190 172 621 
Percent Infected 5.1 48.6 48.9 47.2 
Chi Square 0.951 0.325 0.413 1.689% 


* For Two Degrees of Freedom 
P = 0.05 when chi square = 5.991 
P = 0,01 when chi square = 9.210 


An 


Table XIX. The Occurrence of Specific Protozoa in Family Groups Represented 
by an Uninfected Food-Handler, "Non" Food-Handler, 


or a Chance-Selected Member 


SELECTEES NEGATIVE FOR E. HISTOLYTICA 


Number Families 
Total Members 
Number Infected 
Percent Infected 
Chi Square 


No. Families 
Total Members 
No. Infected 
Percent Infected 
Chi Square 


No. Famities 
Total Members 
No. Infected 
Percent Infected 
Chi Square 


FH NFH Chance Total 
101 Tos 136 3h : 
607 65h 826 2087 
69 10h 138 An 
11.4 15.9 16.7 9 
5,978 0.516 2.122 8.616% 
E. COLI 
52 62 89 203 
327 382 526 1235 
95 12) 182 401 
29-1 32.5 34.6 32.5 
1.855 1.001 1.056 2.911% 
E. NANA 
21 85 112 268 
4,32 533 683 1648 
88 128 191 07 
20.4 2.0 28.0 2.8 


4.348 0.133 3.922 8.03% 
* For Two Degrees of Freedom 
P = 0.05 when chi square ® 5.991 
P = 0.01 when chi square = 9.210 


The incidence of infections for family groups of negative food-handlers, "non" 
food-handlers and chance-selected individuals was less than half that for families 


of positive selectees. 


This suggests the importance of familial association, which 


has been emphasized by previous investigators; however, it is believed that the nature 
of the tabulation introduced a bias in this regard. Other correlations will be made 
in an attempt to obtain a true evaluation of the effect of familial association. 


were analyzed (Table XX). 


Role of Mothers in Infecting Children - In order to determine what effect a 
mother might have on infecting her children with E. histolytica the pertinent data 


Families were selected in which only the mother was infec- 


ted, while all other members of her own generation (G-2) and her husband's parent's 
generation (G-1) were negative. For these observations, 3] families were selected 
among which there were 129 persons in G-3. Of the G-l and G-2 only the mother (G-2) 
had E. histolytica. Of the 129 G-3 persons, 23 (18.6%) were infected. A similar 

D Pepa were selected which contained 20) persons in G-3. In this case, 
neither the mother nor any other member of her generation (G-2) or her husband's 
parent's generation (G-1) were infected. Among the 20) G-3 persons, 21 (10.3%) were 


group o 


infected. 


In order to have a comparison for these findings, similar observations 


were made when only the father was infected. In this case, from 22 families in 
which the father was the only member of G-l or G-2 infected, there were a total of 


80 persons in G-3. 


Of these, 12 (15%) were infected. Information concerning the 


effect of an infected grandmother (G-1) on G-3, was too scanty to be of significant 
value. The following table summarizes the above findings. 


It may be seen that there is only a slightly higher percentage of infection among 
children when the mother is infected than when the father is infected. This difference 
is not great enough to establish definitely any effect the mother may exert directly 


on infecting the children. 


When no adult in the family was infected the percentage of 


G-3 infection was understandably lower. This tends to corroborate the findings of 
other workers who have noted these familial characteristics of E. histolytica. 
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Table XX 


i . No. Of No. of Persons No. and % Positive 
if Families in Generation 3 for E. histolytica 


Mother with E. histolytica, 34 129 23 (18.6%) 
; all other Slant ood toe. : 


i No member of G-1 or G-2 58 20h 21 (10.3%) 
) infected 

1 Father with E. histolytica, 22 60 12 (15.08) 
‘ 


all other G-1 and G-2 neg. 


i A COMPARISON OF THE ZINC SULFATE AND THE FORMALIN-ETHER (06TH MGL) TECHNICS: 

if Many technics have been devised to detect helminth ova and/or protozoan cysts. These 
i may be classified according to features of manipulation and physical attributes as 

4 follows: (a) Direct smear (wet saline mounts, with or without stains, and perman- 
ently stained mounts); (b) sedimentation, followed by direct smear; (c) floatation 
f! procedures, with or without centrifugation; and (d) ether sedimentation with centrif- 
it ugation. Another classification based on the range of effectiveness might be as fol- 
a lows: (a) Effectiveness limited to helminths; (b) effectiveness limited to proto- 

1 zoa; (c) effective for both helminth eggs and protozoan cysts; (d) effective for 

' specific helminth eggs; and (e) adaptations for making egg counts. 


At least in the minds of some, direct saline smears and permanent stains for pro- 
tozoa are relegated to the identification of protozoan trophozoites and for confirma- 
tion of findings obtained by concentration methods. 


The ginc sulfate flotation technic as developed by Faust et al (28) and Tobie et 
al (29) has been widely used and considered highly effective. It was the first concen- 
tration method which acceptably filled the dual role of recovering both eggs and cysts. 
Recently a formalin-ether sedimentation method (06th MGL technic) has also proven ef- 
fective for the concentration of both eggs and cysts (23). This is a simplified form 
of the Telemann technic (30), with the addition of formalin-fixation as a means of 
reducing cyst distortion. A direct comparison of these two technics was undertaken by 
means of parallel examination on 161 single-stool specimens from a highly parasitized 
population. 


Methods - In order to gain proficiency with the zinc sulfate technic, two 
technicians experienced in the detection and identification of both helminth eggs and 
protozoan cysts, prepared and examined a series of specimens by this method before the 
comparison was started. Critical attention was given to details of preparing the spec- 
imens; zinc sulfate with a specific gravity of 1.18 was used; and final recovery of 
eggs and cysts was by means of the wire loop. For any one group of specimens, the mi- 
croscopic examination for both methods was done by the same technician. 


Results and Discussion - (Tables XXI and XXII) With combined findings of both 
technics as 100s, the percentage recovered by each was used as the basis of comparison. 
Minimal advantages for the formalin-ether technic were noted for the recovery of 
Ascaris lumbricoides, Trichuris trichiura, and hookworm eggs. In the case of Tricho- 
strongylus orientalis and Schistosoma japonicum, its efficiency exceeded considerably 
that of the zinc sulfate. (it should ie noted that the 06th MGL method is mediocre 
for S. japonicum as compared with the AMS III method of Hunter et al) (31). The zinc 
sulfate appeared superior for the few cases of Enterobius vermicularis found, but the 
diagnosis of this parasite is dependent upon an anal-swab recovery of eggse 


For the helminths collectively, 92.l% of the total cases were diagnosed by the 
formalin-ether as compared to 80.2% by the zinc sulfate. The more effective diagnosis 
of Ascaris by the 06th MGL technic was quite definitely associated with the recognition 
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Table XXI. A Comparison of the Formalin-Ether (06th MGL) and 
Zinc Sulfate Technics 


Total Formalin-Ether Zine Sulfate 
Findings No. % No. 4 
No. Persons Examined 161 161 | 161 
No. Parasitized 161 160 158 
No. with Helminths 161 159 158 
No. with Protozoa 109 107 87 
Helminths: 
A. lumbricoides 1h2 Ll 99.3 132 93.0 
T. trichiura 149 143 96.0 128 85.9 
Hookworm 101 93 92.1 87 86.1 
Trichostrongylus sp. LS 33 733 18 40.0 
Sy japonicum 27 2h 88. 18.5 
E. vermicularis 9 3 3353 : by 
Total 4,73 437 92. 379 80.1 
Protozoa: 
E. histolytica 7 LS* 9547 2 Lex Lh.7 
E. coli 8h 81x 96.4 Tee 8.5 
E. nana Sh 51x |) Geek 32a 59.3 
Tt. butschlii hye 100.0 lace 100.0 
G. Tambiia 16 1h 87.5 8 50.0 
c. mesnili 2 1# 50.0 0 0 
Total 207 196 94.7 136 65.7 


* Essentially no distortion of cysts. 
*#* Distortion excessive, making identification of the small race of 
E. histolytica particularly difficult 
*## Some distortion, but identifications not greatly hampered 


of unfertile eggs. Larger numbers of the fertile eggs were usually obtained by the 
zinc sulfate technic, but this advantage was offset by its relative ineffectiveness 
with unfertile eggs. 


Observations on the relative efficiency of the technics for the detection and 
identification of protozoan cysts indicated an even greater advantage for the formalin- 
ether procedure. Of 7 cases of Endamoeba histolytica 5 (95.7%) were detected in con- 
trast to 21 (4.7%) by the zinc sulfate method. s marked difference was clearly 
associated with the occurrence of the small race of E. histolytica (Table XXII). It 
has been shown by actual measurements that about 50% of the infections in the village 
from which the specimens were collected were of this type, e.g. measuring less than 
10 microns in diameter. Of 21 cases so designated without actual measurements, only 
three were detected with the zinc sulfate technique, in contrast to 20 by the 06th 
MGL technic. The degree of difference was much less for infections in which the 
cysts measured 10 microns or over, the percentages being 6.7% and 9.1% respectively. 


For 8 infections of E. coli, 96.1% were detected by the formalin-ether and 64.5% 
by the zinc sulfate technic. “Correspondingly for Endolimax nana the figures were 
94.4% and 59.3%, and for 16 cases of Giardia lamblia they were 87.5% and 50.0%. 


In the case of E. histolytica and E. nana the amount of cyst distortion was the 
critical factor. Whereas the zinc sulfate causes considerable distortion, it is neg-: 
ligible with the formalin-ether procedure. With ether-sedimentation, precysts are 
not damaged. Distortion allows a personal factor to enter into the comparison, since 
the technician must evaluate what constitutes a diagnosable cyst. The nature of the 
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distortion produced by zinc sulfate is distinctive, and there is tendency, finally 
to identify on the basis of the distortion. 


Table XXII. Relative Efficiencies of Technics for Small and Large 
Races of E, histolytica 


Total Formalin-Ether Zine Sulfate 
Cases No. % No. t 
Large Race 17 16 94.1 11 64.7 
Small Race yak 20 95.2 3 14.3 


An added advantage of the 06th MGL method is the fact that specimens may be 
preserved in formalin and kept for a period of time before concentration. This is 
convenient when the source of specimens is at a distance from the laboratory, or 
the rate of collection exceeds that at which the microscopic examinations can be 
done. Furthermore, the concentrated specimens do not require immediate examination, 
but may be held if the tubes are corked and placed in a refrigerator. The technic 
is known to be effective on helminth eggs other than those occurring in the compar- 
ison, including those of various trematodes and cestodes. Nematode larvae are also 
concentrated. 


EFFICIENCY OF THE FORMALIN-ETHER CONCENTRATION TECHNIC: Repeated stool examin- 
ations (5 per person) performed in relation to an epidemiological study of intestinal 
protozoa afforded an opportunity to evaluate the actual efficiency of the formalin- 
ether (06th MGL) concentration technic (23), 


Methods - The 10,216 specimens included in this study were examined as "un- 
knowns". The technicians were unaware of the presence of any given parasite, thereby 
removing the possibility of undue searching for any particular species. Each of the 
subsequent four studies was made without knowing the findings of the previous examin- 
ations. A period of about 25 days was allotted for the work both in January and in 
September. It was accomplished under semi-field conditions on the railroad labor- 
atory car. Each technician examined an average of 37 specimens per day. The results 


- are presented in Tables XXIII (Protozoa) and Table XXIV (Helminths). The colwms on 


the left indicate the new cases found by each of the five examinations, the center 
group of columns shows the total number of cases found up to, and including, the 
given examination, and the right hand group shows the cumulative percentages. For 
our purposes, the total number of parasites found by five examinations on the same 
person is taken as 100%, and used as the base line upon which the other values are 
determined. 


An inspection of the values representing the cumulative percentages shows that 
these tend to follow the form of asymptotes. In order to find if this was true the 
method of X@ was applied to the data obtained for each parasite. A basis of comput- 
ing theoretical values for each parasite in each of the five successive examinations 
was obtained by using the average percent of cases revealed from the total of the 
five examinations, This value then represented the initial theoretical value and 
the subsequent four values were derived from it. After treating the data of each 
parasite in this manner it was found that in no case were the values of "P" less 
than 0.96, which indicated a valid assumption that both observed and theoretical val- 
ues are commensurable. 


The values of the mathematically calculated and actually-found efficiencies are 


plotted in Figures 5 and 6 and Table XXV. From these figures, one may tell the number 


of examinations required to attain any given percentage of the total, based on five 
examinations. Considering E. histolytica, S5u% of the overall recognized cases were 
found on the first examination, while the calculated efficiency was 61%. Upon re- 
examination of the same persons, an additional 21% of the total was found. Likewise, 
13, 9, and 3% of the total were found by the third, fourth, and fifth examinations, 
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Table XXV. Efficiency of the Formalin-Ether Technic 


Calculated Efficiency Compared With Observed Efficiency 


% Efficiency % Efficiency 
E. histolytica 5.28 61.06% 
7.93 8. 83 
88.20 94.09 0.57h2 0.96 
97.34 97.69 
100.00 99.10 
E. coli 75.05 7.80% 
cea 87.81 93.6 
92.71 98.62 0.1970 0.99 
97.15 99.65 
100.00 99.91 
E. nana 64,35 62 0% 
adi aod Ata 82.10 85.73 
91.20 94.63 0.0836 0.99 
95.52 97.98 
100.00 99.2h 
Ge. lamblia 4.8.09 48.23% 
iB 68.51 7320 
79.93 86.13 0.2316 0.99 
91.00 92.82 
100.00 96.28 
A. lumbricoides 87.69 88.6% 
ie ge 93.87 98.67 
96.31 99. 8h 0.0985 0.99 
98.27 99.98 
100.00 99.99 
T. trichiura 91.91 92.26% 
be 33 97.446 99.40 
99.13 99.95 0.0321 0.99 
96.68 99.999 
100.00 99.999 
Hookworm 7.77 77.31% 
88. 8h 94.85 
9.66 98.83 0.1679 0.99 
97.98 99.73 
100.00 99 9k 
61% 
richostrongylus sp. 3.86 42. 
= 3 67.00 67.06 
80.88 81.43 0.140h 0.99 
92.75 —-89.3h 
100.00 93.88 
‘ nicum hl.06 16.7 Se 
S+ Jepontoun 68.75 71.67 
83.28 84.92 0.127, 0.99 
92.96 91.97 
100.00 95.73 


#* This value is the average percent of efficiency as deter- 
mined from the 5 consecutive trials 
#%* Calculated from Fisher's "Statistical Methods for Research Workers " : 
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Seventy-five percent of the E. coli were recognized on initial examination while the 
subsequent examinations revealed 13, 5, h, and 34 new cases. In the case of Ascaris, 
88% of the cases were immediately diagnosed while the second examination reveale 
only 6% new cases. The remaining three examinations each gave 2% new cases. In sim- 
ilar mamer, 92% of all the whipworm cases were recognized by a single study with the 
four subsequent examinations revealing only 6, 2, 1, and 0.03% new cases. By consid- 
ering a single examination, the general value of subsequently expected values may be 
determined by referring to these figures. 


MASS TREATMENT OF ENDAMOEBA HISTOLYTICA CARRIERS: It is generally believed that 
approximately 10% of the Japanese harbor Endamoeba histolytica. Symptoms are not gen- 
erally manifested in a preponderance of the infections, and some gygstion has been 
raised as to the value of treating such asymptomatic individuals 32), Nevertheless, 
most investigators feel that such treatment should be administered, not only to cure 
the asymptomatic patient, but to lower the incidence of the disease. 


Materials and Methods - From a series of families in the villages of Mutsu- 
awa and Tatomi, Yamanashi Prefecture, Japan, 21 individuals harboring protozoa were 
chosen for treatment. Diagnoses were based on 5 fecal examinations per individual 
using the formalin-ether concentration technic. Each person wag interviewed prior to 
treatment and their symptoms, if any, were noted. Those who were senile, or under the 
care of a physician, were excluded from this study. Those who had albumin and/or uro- 
bilinogen in the urine were likewise excluded. The drugs in the dosage given below 
were administered over a period of two weeks, Carbarsone for the first week, and Chin- 
iofon for the second. 


Age Group Carbarsone - Daily Chiniofon - Daily 


3-6 0.29 Ef E 0.25 gm X 3 
124 6.25 en. xX 3 0.75 gm X 3 


Each 3 days the individuals were interviewed and their symptoms and drug side- 
reactions, if any, noted. Those who for some reason had not taken the drug were elim- 
inated from the study. Five weeks, and again 7 months, after treatment, each patient 
had a series of 5 post-treatment examinations. Of 12) patients harboring E. histoly- 
tica, 18 (15%) were excluded for various reasons. Of the remaining 106, only one was 
demonstrated to harbor the organism 5 weeks after treatment. Seven months after treat- 
ment, h, or 3.8%,were found to harbor E. histolytica (Table XXVI). This treatment- 
failure rate is indicative of a high level o erapy efficiency. It is possible that 
because of the small stature of the Japanese the dosage of drugs may have been compar- 
atively large. However, comparable results were a with Carbarsone and Diodoquin 
for persons infected during the Mantetsu epidemic ( Bhs 


Table XXVI. Effectiveness of Treatment for Intestinal Protozoa With 
Carbarsone and Chiniofon 


No. Treated Treatment Failures 
February, 1952 March, 1952* September, 1952 
No. No. % 
E. histolytica 106 1 h 3.8 
E. Coli a 162 9 18 ph sy 
E. nana 128 25 co. |. 25.8 
I. bitschlii 2h 0 0 0.0 
G. lamblia 31 15 19 61.3 


% There was an interval of about 5 weeks between the 
end of the treatment and the first post- 
treatment examination 
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An evaluation of results in relation to the benefit of mass treatment can best 
be done by comparing the findings in September with the pre-treatment findings. For 
Mutsusawa village the incidence of E. histolytica was 28.8% in January and ).1% in 
September. The latter figure includes atment failures, inadequate dosages, and 
reinfections. For Tatomi the corresponding figures were 13.5 and 2.2%. Ultimate 
benefits from mass treatment will depend on how quickly reinfections occur. 


SKIN-TESTS FOR AMEBIASIS: A small group of persons with amebiasis were skin- 
tested with an antigen of Endamoeba histolytica. Five laboratory personnel were in- 
itially tested as controls. Four o ese gave no detectable reaction, while the 
fifth (probably a false positive) gave a typical immunologic wheal which subsided 
normally without further reaction. Twenty-nine individuals with amebiasis, as proven 
by stool examination, were then tested with antigen dilutions of 1:8, 1:16, and 1:6). 
Procedures and the reading of reactions were on the same basis as skin-tests performed 
for schistosomiagis and paragonimiasis (3h), 


With 1:8 and/or 1:16 antigen dilutions, wheals, similar to those for schistoso- 
somiasis and paragonimiasis, were noted in 21 persons, or 72.l% (Table XXVII). 


A comparison of the several antigen dilutions shows that the 1:6 dilution was 
beyond the limits of effectiveness, giving only one-third as many positives as the 
1:8. The advantage of the 1:8 dilution over the 1:16 was minimal 18 and 17 pos- 
itives, respectively). 


The possibility of the doubtfuls being evaluated as positives is entertained. 
The wheal size in general was smaller as compared with those obtained with Schistosoma 
aponicum and Paragonimus antigens. The 2 mm. wheals were well defined reactions, and 
one exception, the associated controls gave no reaction. The evaluation of these 
smaller wheals must await testing of larger numbers of known negatives. 


Table XXVII. Reactions of Persons with Amebiasis to Intradermal 
Injections of an Amebic Antigen 


Increase of 

Wheal Antigen Dilutions 
Over Controls 138 1:16 1:64 Controls ++ 
O-1 mm (Negative) 3% oe 17% 2h 
2 mm (Doubtful) 8 7 6 5 
3=-l, mm (Positive ##*) 1k 11 5 ls 
5-6 mm (Positive s+) 2 3 1 
74 mm (Positive ###) 2 3 
Total Positives 18 17 6 
Total Cases 29 29 29 
Percent Positive 62.1 58.6 20.7 


# For one person the control as well as antigen 
gave positive reaction 
*#* Merthiolated saline 
### Using both 1:8 and 1:16, 21 patients were 
positive 


IMMUNOLOGIC INVESTIGATIONS ON ASCARIS - The Antigenicity of Various Body Parts of 
Ascaris suum - Serologic studies of parasitic catestiats have focused Rett a 
attention on the chemical nature of the antigenic agent, but only minimal consider- 
ation has been given to its origin in the body of the parasite. There is some reason 
to believe that certain parts of a worm are more actively and specifically antigenic 
than others. Investigations concerning this matter have been initiated, using 
Ascaris suum which is abundant and lends itself readily to separation of body parts. 
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Saline extracts of whole worm, cuticle, and internal organs (including the coelomic 
fluid) were prepared and approximately a 1:10,000 antigen dilution injected intrader- 
mally. Since phenol was used as a preservative, a phenol saline control was used, 


The results of the tests are shown in Table XXVIII. Whole worm extracts showed 
marked antigenic activity. There was a wheal increase of 3 mm. or more in 39 of h1 
positive persons. The two cases showing increases of 2 mm. were designated as doubt- 
ful. All controls were negative. In contrast, the extracts of cuticle and internal 
organs produced no reaction in 37 and 39, respectively, of the 41 cases. Whereas the 
reliability of the whole worm extract was 95%, that of the two specific body parts was 
less than 5%. It appears then, that the antigenic agent is localized in either the 
epithelial or muscular layer of the body wall. It is proposed to attempt extractions 
of these layers. 


Table XXVIII. The Antigenicity of Various Body Parts of Ascaris suum 
As Determined by Intradermal Tests on Human Cases 


Increase of 


Wheal Whole Internal 
Over Controls Worm Cuticle Organs Controls 
O-1 mm (Negative) 0 37 39 kl 
2 mm (Doubtful) 2 2 1 0 
3- (Positive) 18 2 1 0 
5-6 (Positive) 16 0 fe) 0 
7# (Positive) 5 0 0 0 
Total Positives 39 2 2. 0 
Total Cases kl kl hl kl 
Reliability 95.1% 4.9% 2 hi 0.0% 


Duration of Sensitivity to Ascaris Antigen Foxe compete Elimination 
of Worms - Opportunity became ava e to deter ng 


e ° me 
skin-test for ascariasis remains positive after the infection is eliminated. Dr. Na- 
gano of the Kitasato Institute had been attempting by means of repeated treatment to 
eliminate ascaris from the isolated island of Hatsushima located off the coast of 
Shizuoka Prefecture, Japan. Examinations and treatment had been carried out monthly 
for fifteen months. Some people were originally negative and others became negative 
intermittently throughout this period, At the time of the tests about 25 light in- 


- fections remained among a population of approximately 280. Of this group, 216 were 


skin-tested with the whole-worm ascaris antigen. The figures in Table XXIX indicate 
that no reduction in sensitivity had occurred even for those who had been free of 
infection for more than 15 months. Skin sensitivity, therefore, may be retained for 
well over one year. It may prove appropriate to repeat the tests at Hatsushima at a 
later time. One person, hypersensitized 20 years previously by handling ascarids 

for research purposes, and who with fair certainty had not been infected in the inter- 
im, gave an extreme reaction, exceeding anything observed among 250 infected persons. 
The injection site increased from 3 to 30 mm in 10 minutes followed in 2h hours by 
dermal edema of about 60 mm in diameter, 


A correlation of reaction with age indicated that all ages except the 1-5 year 
old group reacted equally to the skin-test antigen; of 17 of the youngest group, only 
7 were positive. 


As a possible group of negative controls, 59 American personnel were skin-tested, 
Approximately 20% gave positive reactions. Of about half this group who submitted 
stool specimens, only one was found to harbor ascaris. This raises the question re- 
garding false positive reactions. Another explanation would be that the test reflects 
the infections people may have previously had during their life. The observations at 
Hatsushima suggest the latter. A conclusive answer to this question will require a 
group of individuals as negative controls who with certainty have not been exposed 
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to ascaris. It would appear that skin-tests as a diagnostic procedure for ascariasis, 
even in an area of low endemicity, would not be practical. 


Table XXIX. Duration of Sensitivity for Ascaris Antigen 


Free Of Number Skin-Test Percent 

Ascaris For People Positives Positive 
I 15 months or over 33 30 90.9 
II 10 = 14 months kl 34 82.9 
III 6 - 9 months 36 32 88.9 
Iv 1 - 5 months 97 87 89.7 


SEASONAL STUDIES ON ASCARIS LUMBRICOIDES: A previous study involving observations 
on seasonal fluctuations of incidence and intensity of Ascaris lumbricoides infections 
has been reported (4), Beginning in February 1952, and continuing to the present time, 
stools were collected periodically at intervals of four to six weeks from a group of 
fifty families (291 individuals) living in the hillside villages of Mutsusawa, Yaman- 
ashi Prefecture, Japan. These families were thought to represent a cross-section of 
the populatior in this area, Eight specimens have thus far been collected from each 
persone 


Egg counts of ascaris, whipworm, and hookworm were made on each specimen by the 
following method: (a) The stool was thoroughly comminuted and strained through two 
layers of gauze into a graduated centrifuge tube; (b) the tube was then centrifuged 
for five minutes at 2500 rpm; (c) the supernatant liquid was poured off, the volume 
of the sediment measured and formalin (an amount equal to twice the volume of sediment) 
was added; (d) one drop of this material was placed on a slide with a graduated 0.6 ml 
pipette and covered with a square, 22 mm cover slip; (e) five of fifteen low power 
lanes (Nos. 1, 4, 7, 10, and 13) of this preparation were counted and this total was 
multiplied by 180 to determine the number of eggs per ml. of strained, centrifuged 
feces. Although the soundness of this egg-counting procedure has not as yet been 
proved, it was carefully standardized to assure valid comparisons. 


As will be seen from Figure 7, there are apparently two peaks of infection; the 
highest peak occurred in July, with a lesser one in April. There was a definite de- 
crease from April to May. From the peak in July there is a slight decrease in August, 
after which there is a fairly steady decline to the lowest point of infection in Decem- 
ber. Upon comparison of the median egg count with the average count, it can be seen 
that the curve follows essentially the same pattern except for a very slight deviation 
from July to August. The median egg count by month is, however, considerably lower, 
with an average difference of 1581 eggs. 


The incidence of ascaris infections was relatively uniform for all collections 
from February through August, with deviations of only 3.0% from the peak of 85.0 in 
April and May. For September and October the figure was about 76.0%, while in Decem- 
ber there was a further decline to about 66.0%. 


It is planned to continue the project through May, 1953 to determine, if possible, 
whether there is actually a decline in egg production during the spring. 
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Figure 7. Average and Median Egg Counts for A. lumbricoides 
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Exclusive of investigative work, 26h 
Details are summarized in Table I. 


DEPARTMENT OF SEROLOGY 


Table I. Routine Tests 


9354 procedures were completed in 1952, 


General: 
Cardiolipin Microflocculation (Qualitative) CoOoR oe DELE00 73,816 
Cardiolipin Microflocculation (Quantitative) cccessesceecs 10,387 
Cardiolipin Complement Fixation (Serum & Spinal Fluid ... 14,109 
PANdy cecercccccccccccsccvsesecersececscscsccseceessceces 2,277 
Colloidal Gold 000899020000 000 0800008500080 0000 52000 SS 25279 
Heterophile Agglutination COROT HOH SEH TE HEHEHE SCHOO O FE EESES 1,124 
Cold Agglutination, Donath-Landsteiner, Misc. eocccsscocs 121 
Total 10,113 
Immunohematology: 
Blood Grouping & Subgrouping (Direct & Indirect) seesesse 2,06k 
Rho Determination (Homozygous; Heterozygous) ceccccseccee 928 
Rh Antigen Analysis (Phenotypic; Genotypic) cesccccseccce 58 
Rh Antibody Detection (Enzyme Tests Included) .weesecoecee 1,043 
Rh Antibody Titration (Enzyme Tests Included) eeoereccooe 132 
Coombs Test (Direct; Indirect; Titrations) cecccscscccces 19h, 
M, N, Duffy Kell, pe, Miscellaneous CORO EH OHSLOSLOLO DOLE 46 
Total 4 65 
Blood Processing (Blood Bank)# 
Group "or CHHSHHOHAHTOHSHO SES HHOSH OO HSO SHORE LEO HODES ESESEE 15,983 
TEOUD "AY caccccvccovesceceteseesresescesceséveseceeceebs 13,535 
Group bid = hid SCOEOHHHHSHOHEHSSHOHEHSHEHHHEHOCEHEHRHOSCEHHESCETEEESESO®S 3, 869 
Group "ABM SOCOHCSHHSHHEHS EEE HHH HHSC HOSES ES OS OOO EE OSOHOS2OOD 1,367 
Units Processed SOOCHSHESHSHHSHOHHSHOOOOHE SO OCEOHEOHR2ELOSOES 34,754 
Total Processing Procedures 155 ,776 
GRAND TOTAL 26h ,354 


* Group and Rh percentages are not presented because the 
figures shown include multiple donations from in- 


dividual donors. Such replicate data would 
invalidate the frequencies computed. 


—_ 


CARDIOLIPIN MICROFLOCCULATION ANTIGEN: Discrepant results were observed with two 
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different lots of stock cardiolipin microflocculation antigen. One was presumably 
older than the other, dates of preparation not having been recorded. Otherwise, their 
distributor considered them similar in all respects. 

A systematic inquiry into the observed discrepancies was made using 972 sera of 
different reactive categories. Results are shown in Table II. Since all antigen lots 
are stored and used under identical conditions, the results imply 1) that separate lots 
vary in reactivity to begin with, or 2) that their reactivities, initially uniforn, 
undergo different rates of change with storage. 


- 259 = 


i TP EP PA nc We neti a a 


Table II. Cardiolipin Microflocculation Reactions 
With Old and New Antigens 


Antigen Lots 
No. of Sera Tested Old New 
182 Disagreement 
109 Rough Neg. 
4 ? 4 Nege 
5 lf Rough 
6 uy r 
3 2 A 
i 2f ah 
h of Wy 
1 34 Rough 
5 34 if 
2 34 of 
: nv ry 
1 lf of 
1 Neg. Rough 
790 7 Agreement in All Categories 


% Agreement between cardiolipin microfloc- 
culation and cardiolipin complement fixation 
results was much better with the new than with 
the old lot. 


CARDIOLIPIN COMPLEMENT FIXATION ANTIGEN: In an attempt to improve STS, a given 
antigen (procured as a standardized reagent) was titrated to establish the concentra- 
tion optimal for the Wassermann test. The titration, summarized in Table III, shows 
two optima. The first, 1:130, is based on the largest amount of antigen giving a lf 
reaction with the smallest amount of antiserum. The second, 1:163, represents the 
smallest amount of antigen giving a h/ reaction with the smallest amount of antiserum. 


Table III. Titration of Cardiolipin Antigen Used In The 
Complement Fixation Test for Syphilis (STS) 


Serum 
Dilution 1:65 1:98 1:130 1:163 13245 13368 


1:100 Neg. Neg. Trace Nege Neg. Neg. 
130 y, 2, Lf hid 3 af 
RS eee ie Me ars 
3 

1:5 bf Wf uf bf bf 


To determine whether the two optimal dilutions would give rise to different re- 
sults under the same test conditions, parallel Wassermann tests were done. Reactions 
with 0 sera and 5 spinal fluids are compared in Table IV. They indicate good agree- 
ment regardless of the antigen dilutions employed. 


It may be assumed that essential accord was attained because the two dilutions 


were situated within limits of the optimal zone. Had one or the other departed from 
these limits, it is conceivable that greater disagreement would have resulted. 
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Table IV. Comparison of Wassermann Test Results Using Two Optimal 
Dilutions of Antigen 1:130 and 1:163 


Serum Serum 
No. 13130 13163 No. 1130 13163 
4299 Neg. Neg. 4,872 1 
4309 Neg. Neg. Ww 215 & ry 
4296 Neg. Neg. W 239 24 of 
4598 Neg. Neg. W 222 34 3f 
L735% Neg. Neg. wo 38 34 34 
5267 Neg. Neg.» Ww 326 34 3f 
$323 Neg. Neg. 5543 34 34 
5338 Neg. Neg. 
5415 Neg. Neg. Ww 30h Lf 34 
5639 Neg. Neg. 4321 Lf Lf 
5771 Neg. Neg. 1,606 Lf Lf 
5791 Neg. Neg. 4.612 Lf Lf 
W217 Neg. Neg. 613% kf hf 
W 227 Neg. Neg. L634 Lf Ts 
W 234 Neg. Neg. 4635 Lf uv 
W295 Neg. Neg. 4675 uf Lf 
W 320 Neg. Neg. 4723 Lf uf 
W 321 Neg. Neg. 5358 uf Lf 
M323 Neg. Neg. ws 2 Lf uf 
| Ww =2th hf Lf 
4.709% Trace é W 2h Lf 
905% Trace Trace Ww 314 Lf hf 
5308 Trace Trace W 327 hf Lf 
W 32h Trace Trace 


* Spinal Fluid 


EFFECT OF INACTIVATING SERA FOR CARDIOLIPIN WASSERMANN TESTS: A study was under- 
taken to determine whether human complement was restore sera inactivated but not _ 
tested for several hours. Normal and luetic sera containing varying amounts of reagin 
were inactivated at 56% for 30 minutes, Three to five hours later each serum was 
divided into two portions, only one of which was reinactivated at 56% for 10 minutes, 
Both aliquots were then Wassermann-tested in the conventional manner, 


An additional experiment was included to examine the effect of inactivation on 
two full units of guinea pig complement. For this purpose the usual serum anticomple- 
mentary control system (antigen excluded) was used. Following overnight refrigeration 
one set of controls was inactivated at 56% for 10 minutes; another was inactivated at 
56% for 20 minutes; the third remained uninactivated. All controls were then mixed 
with sensitized red cells, incubated and read. 


Results are summrised in Table V. The essential similarity of reactions in sec- 
tions (a) and (b) suggest that little if any complementary factors reformed 3 to 5 hours 
after initial inactivation. However, it has been observed elsewhere that more prolonged 
storage of inactivated serum may tend to restore complement activity. In such instances 
reinactivation is recomnended. . 


Section (c) reveals that 1) omission of heating permitted full hemolytic activity 
of two units of guinea pig complement (negative reaction); 2) heating for only 10 min- 
utes at 56 C partially or completely inactivated the two units; 3) heating for 20 min- 
utes consistently and completely inactivated the two units (uf reaction). 


SERODIAGNOSIS OF PAROXYSMAL HEMOGLOBINURIA: Two cases of suspected paroxysmal hem- 
oglobinuria were referred for serologic study. 


e 261 = 


ON ee OE SS ee a el ee i ld a i te 


be att age ea 


ela ee ers Eee ys ee aa en etl ate. ee. 


Table V. Effect cf Inactivation on Wassermann Reactions 


(a) (b) (c) 
148 Test Sera 148 Test Sera 296 Anticomplementary 
Not Reinactivated# Reinactivated#+ Control Systems#+t 
Nege 66 Neg. 66 Neg. 148 (Uninactivated) 
Trace 7 Trace 6 Trace O (Inactivated 10 min.) 
f 4 # 5 1 (Inactivated 10 min.) 
v4 L 1f 5 if O (Inactivated 10 min.) 
of A of 3 2f 7 (Inactivated 10 min.) 
3f h 34 3 34 23 (Inactivated 10 min.) 
Lf 59 Lf 60 yf 13 (Inactivated 10 min.) 


* Sera inactivated initially at 56°C for 30 minutes; 3 to 5 hours later 
incorporated into immune system without reinactivation. 
“x* Sera inactivated initially at 56°C for 30 minutes; 3 to 5 hours later 
reinactivated at 56° for 10 minutes and incorporated into 
immune system. 
*#% 148 controls uninactivated, hl inactivated at 56°C for 10 minutes and 
10, for 20 minutes, 


Case I, a 2h year old white soldier from Colorado, claimed that as a child his 
urine occasionally seemed to show red discoloration. He first definitely observed 
bloody urines at the age of 15 after playing in the snow. This condition occurred 
about l} times a year. Hemoglobinuria reappeared while he was serving in Korea, again 
in Japan following a cold shower, and currently after a chilly ride from his hospital 
to the 06th Medical General Laboratory, where his blood was drawn for the tests to be 
described. He denied venereal disease; however, an evacuation hospital records him 
to be serologically positive. He asserted that he did not receive antiluetic treat- 
ment. 


Case II, a 22 year old white soldier from Missouri noticed hemoglobinuria at the 


age of 10. Later he connected this condition and its attendant discomfort and back 


pain with exposure to cold. In 1950 he had a positive serology. He admitted frequent 
exposures but disclaimed having venereal lesions. After subsequent antilvetic treat- 
ment his serology reverted to negative. Currently his hospital laboratory reports 
him positive again. He has Hutchinson's teeth and says his father also had Hutchin- 
son't teeth, 


Cold agglutinations, STS, and Donath-Landsteiner tests were then performed. Spec- 
imens from Patients I and II failed to demonstrate cold agglutinins but were )/ by 
Wassermann and microflocculation tests, with quantitative titers of 1:8 and 1:32 res- 
pectively. 


Bloods for the Denath-Landsteiner test were drawn with warm equipment and proc- 
essed into serum and cell suspension components while warm. Bloods from normal persons 
of identical ABO groups as the patients were treated similarly and served as controls, 
The Donath-Landsteiner reactions were positive for both patients as shown by hemolysis 


_ in tubes 1 and 3 of the protocol given in Table VI. These findings, with the STS re- 


sults and the clinical data, are diagnostic of paroxysmal hemoglobinuria. 


PREPARATION OF RARE ANTISERA AGAINST HUMAN ERYTHROCYTE ANTIGENS: Attempts were 
made to prepare anti 0, anti Hr, (anti d) and other immune sera. As a start, rabbits 
hR and LV were injected intravenously with a total of 0.875 cc each of packed, washed 
red. cells. hR received 0, M, CcDEe erythrocytes twice weekly for 2 consecutive weeks 
and LV received 0, N, ccddee cells under an identical schedule. Five days after the 

last injection each animal was trial-bled and its serum examined for antibodies. The 


results of agglutination tests with unabsorbed and absorbed sera appear in Table VII. 
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Table VI. Donath-Landsteiner Test 


a 8 ee 


Patient's serum cc 0.25 - 0426). = - - 
Patient's rbc, 5% ce 0.1 ~ - 0.1 0.1 ~ 
Control Serum ce - 0.25 - 0.25 - 
Control rbc, 5% ce ~ 0.1 0.1 ~ = 0.1 
G pig Complement, 1:10 cc 0.1 0.1 0.1 0.1 0.1 0.1 
Saline, 0.85% cc 0.05 90.05 0.05 0.05 0.03 0.03 
Immerse rack in ice water for 10 min., 
incubate in 37°C water bath for 30 min. 
and read. A duplicate rack which is 
not chilled constitutes the control. 
RESULTS 
Patient I: Test H# Nott H N N N 
Control ¥ N ¥ N N N 
Patient II: Test H N H N N N 
Control ¥ N W N N N 
# Hemolysis 


## No hemolysis 


It is apparent from the table that both animals were successfully immunized against 
human erythrocytes as a whole. To establish the presence of definitive anti O hemag- 
glutinins, it was necessary to absorb the respective antisera with cells having anti- 
gens common, except for 0, to those used in the immunizations. As recorded, the two 
absorbed sera agglutinated 0, M, CcDEe and 0, N, ccddee cells in dilutions of 1:80 
and 1:40 respectively, thus indicating the presence of C antibodies. The weak agglu- 
tination noted with A,B, MN, CcDEe erythrocytes, the only reasonably appropriate cells 
available, probably was due to residual antibodies. These were not completely removed 
because absorptions were discontinued when the antiserum began to show marked hemoly- 
sis. Absorptions with the A]B,N,ccddee erythrocytes, however, went to completion. 


To verify the preliminary findings, absorbed ,V serum was tested with 10 group 0, 
2 group Ao, 4 group Aj, 2 group B, 1 group AjB and 2 group A,B bloods, Agglutination 
was observed only with the O and Ap bloods, the latter possibly being A90. 


Additional experiments were then carried out to demonstrate the possible presence 
of anti Hr, (antid). The lV antiserum was first absorbed with 0,M,CCDee cells (Jap- 
anese source), thus removing O and e agglutinins. It was further absorbed with A, MN 
ecDee cells (Negroid source) to remove the N and c agglutinins, Because, statistic- 
ally, both kinds of cells are thought to be high in Rho.Rho (D/D) frequency, it was 
hoped that all but anti d agglutinin would be absorbed, hence leaving it exclusively 
to react with its homologous Hr, (d) antigen. 


Accordingly, serum so absorbed was tested with rh-negative cells which had been 
treated with papain to enhance reaction sensitivity. No agglutination was observed. 
If the absorbing cells were truly homozygous for Rh, (D) and hence contained no Hr, (d), 
this negative finding supports the opinion that the postulated Hro (d) factor is 


poorly antigenic. 


To assay the 4V antiserum for anti N agglutinins, extraneous antibodies were re- 
moved by absorbing with 0, M, ccddee cells. The absorbed serum was then tested with 
18 varieties of cells. All erythrocytes known to contain N or MN antigens were agglu- 
tinated, whereas all with M antigen were not. 
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Table VII. Anti O Hemagglutinins in Sera of Immunised Rabbits 


Antiserum Antiserum Dilutions 
; Oo 
o's of SR ae 
Prepared Absorbed sae egeeshgsage ag s 
Against With Tisted Bibs 4 dt ho ne oe ee 
rbe rbe rbe 
None 0,M,CcDEe Re If 34 hd hd LA LA LA bf 2f f - 
| 0,M,CcDEe Choos. gh hh Of fo oe Oe ee ee eae 
(LR) | 
A,B,MN,CcDEe 
pe A|B,MN,CcDEe 14 f = = = = = = = = = = 
None O,N,ccddee R f 24 34 bf LA LA LA LA UA R = 
0,N,ccddee O,N,ceddee 24 24 1f R = = = = = = |= @ 
| (uv) A,B,N,ccddee 
| A,B,N,ccddee 7 - - - - ~ ~ ~ — ee we os 
| #* Rough 


COLD-WARM AGGLUTININS IN PREGNANCY: Thirteen blood specimens from an rh-negative 
(O,N,ccddee) patient receiving prenatal care were collected at frequent intervals and 
tested for Rh antibodies. None of these samples revealed hemagglutinins. Aytpically, 
a fourteenth obtained just before term gave positive reactions with Rh-positive (CDE 
and Rh-negative (cde) erythrocytes, suggesting the possible presence of both Rh and Hr 
antibodies. Since coexistence of both kinds of antibodies in a completely rh-negative 
homozygous individual (ccddee) is extremely improbable, attempts to identify the ob- 
served antibodies pursued different lines of approach. 


Heterophile antibodies were excluded when no agglutination was demonstrated with 
sheep erythrocytes, Hemagglutination of human red cells in albumin but not in saline 
systems (enzyme-treated cells excepted) suggested the presence of occult antibodies. 
However, this possibility was eliminated after direct and indirect Coombs tests failed 
to show positive reactions. Examination for autohemagglutinins revealed that in a high 
protein system the patient's serum reacted with her own cells at ° but not at 37° and 
57%. These findings pointed to further search for thermagglutinins. Results of such 
studies are summarized in Table VIII. The data tabulated show that a cold-warm variety 
of hemologous hemagglutinin was detected in the patient's blood just before parturition. 
These antibodies were demonstrable at 4°, 25° and 37°C but not at 56°C. Further, they 
could be detected only in high protein systems. An exception was observed when enzyme- 
treated erythrocytes in saline suspensions were also agglutinated. In the latter case, 
however, warm agglutinins were manifested at 25°C only and in low titer. 


Of clinical interest is the observation that despite a three day delay in parturi- 
tion and despite the presence of cold-warm agglutinins, pregnancy terminated without 
incident. Two days postpartum the patient's serum gave similar results as the prepar- 
tum specimen. 


Rh AND ABO BLOOD GROUP DISTRIBUTIONS IN JAPANESE: 1,51 Japanese, representing a 
realistic cross section of the indigenous population, were examined to determine their 
Rh and ABO group distributions. The ABO groups were distributed as follows: 0, 33.1%; 
A, 36.5%; B, 21.6%; AB, 8.8%. Compared to the observations made by other investigators 
these percentages are moderately higher for group 0 and slightly lower for groups A, B, 
and AB. 


In the present study ),521 (99.56%) Japanese were Rh-positive and 20 (0.kh¢) 
Rh-negative. This Rh-negative frequency is notably lower than any recorded previously. 
Table IX shows that the sexes in each group and the Rh-negatives in both sexes are al- 
most equally distributed. In contrast, the Rh-negative frequencies within each group 
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Table VIII. Cold-Warm Hemagglutinins in Pregnancy 


> 


Temperature 1:1 Control Sera 
Diluted and Time Diluted 1: Rh Rh-Hr 
Tested With In Incubated 1: 2h 6 16 30 oh ° Bos, Neg. 
37% for 30 min. hh eh 21 eee L - 
25°C for 60 min. be hy Se Ra ey oe - 
0,M,CcDEe Albumin °c for 5S min, | Pee ee eel ees Roeder denser s 
Cells in 56°C for 5 min. ee ae er eae ee hh - 
Albumin 37°C for 10 min, iy "Grae. Wels SO terror eee h - 


37°C for 3O' min.) «| bk ho bee v 
25°C for 60 min. bo de boca 2 - ‘ 
0,N,ccddee Albumin he feo Min dk ok Ss ee fi 
Cells in Baa for 8 eine ie Se ee we Re . 
Albumin Oy" for 20 wis hh ke ae fi 
a eT a TE EC tS SS SS SS SSSI 
O,M,CcDEe cells Saline As above All results were neg. Not Done 
in Saline 
0,N,ccddee cells Saline As above All results were neg. Not Done 
in Saline 


vary substentially. To determine the statisticel significance of these variations, the 
Chi-square test was applied to the data for groups A and O only, groups B and AB not 
having sufficient Rh-negatives for such treatment. Analysis reveals that the deviation 
from the overall expectancy, 0.4%, in Group A is not significant. However, the devia- 
tion in group 0 yields a Chi-square of 6.2 for one degree of freedom and hence a prob- 
ability of less than 0.02. It therefore seems unlikely that the observed difference is 
due to chance. Conceivably, a sample containing considerably more Rh-negative individ- 
uals might alter present implications. 


DU ANTIBODIES IN PREGNANCY: THEIR ROLE IN IDENTIFYING A RARE DY GENOTYPE: The 
anticipated loss of a donor who had routinely provided ccddee (negative control) ery- 
throcytes for Rh studies led to search for a replacement in the same category. Donor 
S seemed a likely substitute. His red cells did not react with anti C (rh'), anti D 
(Rh,) or anti E (rh") sera but were agglutinated by anti c (hr') and anti e (hr), He 
was therefore genotyped cde/cde and designated an rh-negative control. Soon after, it 
was discovered that he had been genotyped erroneously and that he was not a suitable 
negative control. This opinion developed from the following observations: 


The blood of a woman, gravida 3, was submitted for Rh study. Her first pregnancy 
had resulted in a hydrocephalic stillbirth and the second in fatal erythroblastosis 
fetalis, Current red cell analyses classified her as 0, ccddee, M, Fy®-negative, 
K-negative and her husband as A,,ccDEe, M, Fy®-negative, K-negative. Tested with 
Rh-positive cells, her serum revealed an albumin agglutinin titer of 1:128 and no sal- 
ine antibodies. However, instead of a negative reaction with erythrocytes from S, un- 
expected agglutination was observed. This unusual finding provoked further inquiries 
into the nature of the negative control cells and the maternal serum, The facts un- 
covered are presented in Table X. 


Serum which readily distinguishes Rh-positive from Rh-negative individuals aiways 
contains potent anti D (Rh_) agglutinins. At times it also includes antibodies spec- 
ific for D°, a variant of fhe D antigen. Characteristically, the DY antibody results 
from incompatible transfusions, is comparatively weak and, whea present, invariably 
coexists with anti D. Further, anti D” manifests its specific activity almost exclus- 
ively through mediation of the indirect Coombs test. For the present study an anti D 
serum known to be supplemented by anti D" was expressly employed, 


- 265 - 


Table IX. 


Total Persons Studied hy Sk1 
Rh-negative 20 (0.4))% 
Male 3,075 
Rh-negative Ls (0.46) 
Female 1,466 
Rh-negative 6 (0.41) 
Group 0 1,501 
Rh-negative 13 (0.87) 
Male 998 (32.5) s+ 
Rh-negative 9 (0.90) 
Female 503 (3.3) se 
\ Rh-negative (0.80) 
Group A 1,659 
Rh-negative 6 (0.36) 
Male 1,145 (37.2) 
Rh-negative (0.35) 
Female 51y (35.1) 
Rh-negative 2 (0.39) 
Group B 979 
Rh-negative 1 (0.10) 
Male 663 (21.6) 
Rh-negative 1 (0.15) 
Female 316 (21.6) 
Rh-negative 0 (0.00) 
Group AB 02 
Rh-negative 0 (0.00) 
Rh-negative 0 (0.00) 
Female 133 (9.0) 
Rh-negative 0 (0.00) 


Rh-Negative Distribution in Japanese by Sex and Blood Group 


#* Figures in parentheses indicate percents. 
#* Percent of 3,075 males; calculated similarly for groups 
A, B and AB. 
exe Percent of 1,66 females; calculated similarly for groups 
A, B and AB. 


Table X shows that the patient's serum exhibited greater anti DY activity than 
the known anti D serum. In the absence of a history of transfusions, this observa- 
tion suggests transplacental isoimmunization of the mother to a D"® factor in the 
fetus. However, proof of this hypothesis mst await delivery of the infant and an- 
alysis of its erythrocyte antigens. 


Although the presence of DY in the husband's cells, shown to be ccDEe, may be 
predicated on the reactions observed and on consequent genetic implications, direct 


demonstration of this factor by laboratory methods has not been successful. Appar- 


ently the D-D" complex in his cells prevented distinguishing Anti DY from anti D 
activity of the maternal serum. Absorption procedures were applied to effect separ- 
ation but failed. , 


The table contributes additional evidence of note. S, heretofore considered 
rh-negative, is patently not in that classification. He possesses the DU intermediate 
as a separate entity and not in combination with C (rh') or with D (Rh,) and E (rh") 
as is postulated for the husband. Such occurrence of DU by itself is rare and, 
according to the British investigators, appears in but one of 6,666 persons. 
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Table X. Antibody Detections Using Erythrocytes: A. In Albumin; 
B. Treated with Papain; C. Prepared for In- 
direct Coombs Test 


Serum 
Erythrocytes Patient's Known Anti D+ Normal 
A. In albumin: 
Known: 0,CcDe,M Lf Lf Neg. 
Known: 0O,ccddee,N Nege Neg. Nege 
S : 0,ccddee,M 1 fat Neg. -Trace#+ Neg. 
B. Papain-treated 
Known: 0,CcDEe,M A Lf Neg. 
Known: 0,ccddee,N Nege Neg. Nege 
Ss : O,ccddee,M + # ! Neg. 
C. For Coombs TestiHtt 
Known: 0,CcDEe,M Lf Lf Neg. 
Known: 0,ccddee,N Neg. Nege Nege 
s : O,ccddee ,M 3 1 Neg. 


* Also contained anti D”. - 
## Appeared only after incubation at a! C for 30 min. 
##* Most effective for demonstrating D™ antigen. 


- 267 - 


FAR EAST MEDICAL RESEARCH UNIT 


INTRODUCTION: It is equally true of military and civilian medicine that sys- 
tematic and planned research must be continuously and vigorously pursued if progress 
is to be maintained. Many problems of military medicine are rarely encountered in 
civilian medicine. It is therefore essential to conduct medical research during wars, 
and since the military patient can seldom be moved to a well-equipped, fixed, re- 
search institution, it becomes necessary to move the research personnel and equipment 
to the patient. 


The biggest medical problem of war is the treatment of trauma and its complica- 
tions. To meet this problem, a better understanding of the physiological changes pro- 
duced by trauma is essential. Infections, hemorrhage, vascular repair, renal insuf- 
ficiency, blood volume changes, plasma expanders, analgesic and anaesthetic agents 
and effective transportation of the acutely injured present challenging problems, 


The Far East Medical Research Unit was organized on 10 March 1952, by Special 
Order Number 27, Headquarters, Japan Logistical Command. Its basic mission is "To 
conduct, coordinate, supervise, and direct such medical research within the Far East 
Command as is directed or approved by appropriate authority. To support, assist, and 
advise those special teams entering the Far East Command for the investigation of 
special medical problems beyond the capacity of units and personnel available in the 
Command", 


Those persons permanently assigned to the Far East Medical Research Unit are so 
closely integrated with the 06th Medical General Laboratory in the conduct of re- 
search that it is not practical to separate the projects of the two organizations. 
The work of most of the permanent staff of the Far East Medical Research Unit have 
therefore been included in the appropriate sections of the report for the 06th Med- 
ical General Laboratory. 


Several semi-permanent research teams have operated on a temporary duty basis 
with the Far East Medical Research Unit. These teams have worked primarily in Korea, 
with the support of the various departments of the 06th Medical General Laboratory. 


Each individual or small group of persons within a research team has set out to 
investigate a specific facet of a medical problem. Most of these persons arrived 
with a previously prepared protocol and departed the Far East Command when this pro- 
tocol or a modification of it was completed. From time to time, recognized civilian 
consultants visited and assisted the teams in the field, contributing greatly to the 
success of the research program. : 


A review of the projects conducted by the Far East Medical Research Unit demon- 
strates the practicability of field research. This type of research goes hand-in-hand 
with the best type of therapy and has as its sole purpose the provision of better 
medical support to the soldier. All studies were designed to aid in treatment and 
were carefully planned and executed to assure that no interference or delay in the 
normal care and evacuation of patients occurred. The results indicate that field re- 
search was a valuable adjunct and that such research should continue at each level 
of the evacuation chain. 


This section of the annual report briefly summarizes the preliminary observa- 
tions, theories, and recommendations of the teams and of the visiting advisors. While 
a few of these reports have since been prepared for publication, most are of a prelim- 
inary and continuing nature and must not be interpreted otherwise. The following 
teams have made memorable contributions to field research and have been supported by 
the Far East Medical Research Unit: 
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Epidemic Hemorrhagic Fever Research Team 
Surgical Research Team 

Wound Ballistics Research Team 

Body Armor Research Team 

Psychiatric Research Team 


EPIDEMIC HEMORRHAGIC FEVER: The studies of Epidemic Hemorrhagic Fever have 
been primarily limited to investigations into the epidemiology, etiology, clinical 
management, physiology, and pathology. 


Epidentology - Hemorrhagic Fever is characteristically rural rather than 
urban and cases are for the most part sporadic and not closely associated in time 
or space with other cases. Clusters of cases have occurred, usually limited to part 
of a unit, such as a platoon, a single tent, or the crew of a single heavy weapon, 
without affecting other members of the parent organization. In such clusters, the 
disease seems to have been contracted at about the same time by many patients, and 
other cases did not follow. The patchy, sporadic incidence finds many analogies 

in the epidemiology of scrub typhus. A prominent feature of the epidemiology is 

the occurrence of two distinct seasonal peaks, in May-June and October-November. 


Doctor Ross L. Gauld, Epidemiologist to the Hemorrhagic Fever Research Team, 
conducted several surveys following outbreaks of hemorrhagic fever involving men 
working or living closely together (1,2,3) , From these investigations, it was 
concluded that the incubation period was usually from 10 to 16 days, with consid- 
erable variation on each side; that the spotty distribution was consistent with 
an arthropod vector which did not normally travel over great distances. He there- 
fore indorsed the use of insect repellent and the continuation of entomological 
investigations to characterize the arthropod vector. 


Etiological Agent - Interest in the etiology of hemorrhagic fever con- 
tinued during 1585 (G7. Studies concerned with the recovery of a specific agent 
were directed primarily by members of the Armed Forces Epidemiological Board, with 
the aid of personnel and equipment from the Department of Virus and Rickettsial 
Diseases, 06th Medical General Laboratory. Doctors J. E. Smadel, K. C. Smith- 
burn, and Q. M. Geiman were responsible for studies made during the spring and 
summer of 1952 (5), Dr. J. Warren and Miss E. Jackson represented the Commission 
on Hemorrhagic Fever, Armed Forces Epidemiological Board, during the fall. The 
following report is based on observations made by these consultants, and the 
staff of the 06th Medical General Laboratory. More detailed information is to 
be found in the official reports of the Commission on Hemorrhagic Fever to the 
Armed Forces Epidemiological Board. 


Japanese and Russian investigators have had reasonably broad experience with 
this disease. Limited experiments by Smorodintsev and co-workers (6) showed that 
ultrafiltrates of blood and urine obtained before the 5th day of disease were 
infectious for humans; both Japanese and Russian workers failed either to establish 
obvious disease in laboratory animals, or to maintain it by serial passage, al- 
though both groups thought that wild rodents (Apodemus agrarius and Microtus mich- 
noi) could be infected by the inoculation of blood or urine obtained from acutely 
ill patients. 


While attempts at isolation of an agent in a wide variety of experimental 
animals had been made in this laboratory in 1951, blood passage had been made in 
only a limited number of cases. The initial approach in 1952 was based upon the 
hypothesis that an infectious agent might be so adapted by serial passage in some 
laboratory animal that it would produce obvious disease. This was developed along 
the following lines: Blood (and in some instances bone marrow) was obtained from 
suspected patients within 8 hours of the onset of fever, and was immediately inoc- 
ulated intracerebrally and intraperitoneally into hamsters, Microtus penns lvanicus, 
and 2 strains of albino mice. Cynomolgous monkeys were inoculated subcutaneously, — 
intravenously, and intraperitoneally. Generally, ) passages were made at -6 day 
intervals in ordinary white mice (06 strain) and in primates, and a variable 
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number of hamsters and Microtus. Inoculated cynomolgi were bled on the 5th, 10th, 
and 15th day postinjection, and each blood inoculated into the same passage monkey, 
and into different sets of albino mice. As indicated by illness, passages were 

made from the originally inoculated animals of the special mouse stock (BS-VS). 
Additional inoculations were made into suckling mice, young guinea pigs, and embryon- 
ated eggs. Inoculated animals over and above the capacity of the 06th Medical Gen- 
eral Laboratory were shipped to laboratories in the United States for further follow- 
up and passage. Rodents received by the Army Medical Service Graduate School in 
Washington were passaged at 12-day intervals four times. Material from this last 
passage was inoculated into embryonated eggs. Injected cynomolgi were sent to 

Dr. John Paul at Yale University and passages were made into rhesus monkeys and chim- 
panzees. 


The inoculation of material from over 0 patients subsequently confirmed to have 
hemorrhagic fever has failed to establish a transmissible disease in laboratory ani- 
mals which did not later prove to be due to an infectious agent naturally occurring 
in laboratory animals. Tyzzer's Disease (7) was encountered on several occasions in 
hamsters and in mice, and an unidentified transmissible infection involving the liver 
was observed at least twice. 


Certain clinical features of hemorrhagic fever resemble those of rickettsial in- 
fections in man, and in cattle. Stained impression smears of tissue obtained at 
autopsy were searched for rickettsia-like organisms, Six series of stained films 
were adequate for study. In 3 of these, intracellular rickettsia-like bodies were 
found in endothelial cells from the pituitary gland, inferior vena cava, adrenal 
glands, and splenic capsule. The cytoplasmic distribution of these bodies was 
studied by Dr. J. Warren, who suggested them to be distinct from normal or abnormal 
granules of polymorphonuclear leukocytes, mast cells or other granulocytes. These 
bodies were not difficult to find in smears from patients dying before the 5th day 
of disease, but were scarce or absent in patients dying 8 days or more after onset, 
The observed granules were more apparent in Giensa stained preparations than in films 
stained by the Machiavello technique. 


The finding of these inclusion bodies was the basic reason for using embryonated 
eggs more extensively in continuing attempts to isolate the etiological agent of 
epidemic hemorrhagic fever. Fresh blood or autopsy material from 18 confirmed cases 
of the spring epidemic were inoculated into fertile hen's eggs. Approximately 10 
blind serial passages were made in the same host. Stained smears of embryonic tissues 
were made at harvest without consistently demonstrating rickettsia-like bodies. No 
identifiable infectious agent was recovered. 


Work during the fall outbreak was concerned primarily with intensifying the 
study of the rickettsia-like inclusions seen in a few cases dying late in the spring 
epidemic. The spectrum of laboratory animals inoculated was extended to include 
pigeons, albino rats, dogs, and cats, but major emphasis was placed upon the inoc- 
ulation of embryonated eggs by different routes with blood obtained within the first 
48 hours of disease, and with autopsy tissue. Stained impression smears obtained at 
autopsy were studied for intracytoplasmic inclusions, 


Passages were not usually made unless signs of illness were apparent. A few 
rat and hamster lines were blind passaged at 21-25 day intervals to provide living 
potentially infected animals for transportation to the United States. All animals 
which were sacrificed for any reason were autopsied, and impression smears of tissues 
were stained. To date no specific disease has been reproduced in laboratory hosts, nor 
has it been possible to consistently demonstrate in any species intracytoplasmic in- 
clusions resembling those seen in fatal human cases, 


Serial passages from 8 blood specimens taken early in the disease, and from 10 


fatal cases have been maintained in eggs. Routes of inoculation included yolk, amni- 
otic and allantoic sacs. Stained smears of passage materials from these egg lines 
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were observed at time of passage without the conclusive demonstration of rickettsia- 


nate bodies. No demonstrable new organism has been observed in these egg lines to 


The intracytoplasmic endothelial inclusion bodies were again seen in tissues ob- 
tained from fatal cases of epidemic hemorrhagic fever in the fall. It is currently 
the impression that such granules are most intimately associated with endothelial 
cells of the large vessels; more critical observation is required to confirm this, 
Whether or not these inclusions represent an "elementary body" form of the infectious 
agent itself, or some product of altered cellular metabolism, is unknown; definition 


of this point will depend upon the successful reproduction of these bodies by some 
cultural technique, 


Isolation studies are continuing in Korea, Tokyo, and Washi:.;ton. Various in- 
sects are used as primary experimental animals in the attempt to isolate the 2 7eT.v 
This approach is based on the successful cultivation of various micro-organisms, . .d 
notably the pathogenic rickettsiae, when inoculated into the body cavity of insects, 
This work has just begun. 


Entomologic Investigations - Entomological investigations of hemorrhagic 
fever have produced information pointing rather clearly toward chiggers (the parasitic 
larval stage of mites) as the probable vector of this disease, Although confirmation 
of this presumption must await successful isolation and manipulation of the etiologic 
agent, the accumulated evidence may be summarized as follows (8,9,10); 


In scrub typhus, a chigger-borne disease, there occurs a characteristic "spotty" 
distribution within broad areas of infection, due to the fact that chiggers normally 
occur only in the immediate vicinity of the site of oviposition of the adult female. 
Further, there is a close correlation between the seasonal peaks of scrub typhus and 
the seasonal incidence of vectors. In Korea the seasonal abundance of chiggers corre- 
sponds well with the spring and fall peaks of hemorrhagic fever, Chiggers are common 
in the spring, relatively uncommon during the summer months, become very abundant in 
the fall from September through November, and decline in December. The most abundant 
chigger species in Korea are related to the known vectors of scrub typhus, a group 
that ordinarily does not produce itching when infecting man. It is therefore consid- 
ered probable that these minute forms could attack man and consistently escape detec- 
tion. Chiggers greatly outnumber other ectoparasites such as laelaptid mites in the 
known endemic areas throughout most of the year, and are the outstandingly dominant 
group during periods of presumed hemorrhagic fever infection. Furthermore, they are 
very hardy, capable of survival under adverse conditions, and of activity at temper- 
atures much lower than most other parasitic arthropods. The life cycle of trombic- 
ulid mites is intimately associated with soil or soil surface litter, and the length 
of time that elapses following oviposition, before the appearance of the parasitic 
larval stage, is sufficiently great to permit marked changes of the environment from 
that required by the adult mite. The larval stage may remain dormant for some time 
in the locale in which it hatched, awaiting the appearance of a suitable host. For 
these reasons, persons who are brought into intimate contact with the soil during 
periods of high chigger abundance would be particularly exposed to contracting 
chigger-borne diseases. The epidemiologic evidence points toward this sort of trans- 
mission, ; 


The investigational approach to the entomology of hemorrhagic fever during 1952 
was largely through trapping of rodents and other small animals in areas of known 
endemicity, and analyzing their parasitic fauna with respect to numbers and kinds 
of parasites present. The four rodents receiving particular attention in this 


program were Apodemus agrarius, Microtus fortis pelliceus, Clethrionomys rufocanus 
regulus and cotoatiiis triton nestor. 


The chiggers on Apodemus agrarsus will serve to illustrate the seasonal fluc- 


tuations encountered in . ‘The average number of chiggers per mouse (chigger 
index) in early May was 14. By the end of June the index had dropped to one, and 
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during July and August it was less than one. However, by the end of September the 
index was 30 and by mid-October had reached the maximum - an average of 8 chiggers 
per Apodemus. The index remained high in November and started to fall rapidly in 
December so that by the end of that month the average number of chiggers per Apodemus 
was 13.5. The same general seasonal trend is shown by the chiggers of the reed vole, 
Microtus fortis, the red-backed vole, Clethrionomys rufocanus and by the hamster, 
Cricetulus triton, although these animals consistently carried more chiggers than 
——_—_—_—_—_——_———— 

did Apodemus during the spring, summer, and fall. 


The commonest species of chigger encountered in Korea during the period May-Decem- 
ber 1952 was Trombicula (Leptotrombidium) pallida. T. (L.) orientalis was second 
most abundant, with T. (L.) palpalis also well represented. T. pallida exhibited an 
interesting seasonal variation S abundance of the larval form, it being the most 
prevalent chigger in May and again in September and October. Only a small percentage 
of the total chiggers collected in November were pallida, and the species was not 
found in December, The maximum peaks of abundance of pallida larvae preceded by 
two to four weeks the normally expected maxima of hemorrhagic fever cases, and the 
decline of cases follows the decline of abundance of the species by a similar period. 
The four species of wild Korean rodents share the trombiculid mite fauna, although 
some host preference is indicated. The chigger found most commonly on qpodemus and 
on Microtus was Trombicula (Leptotrombidium) pallida - 0 per cent of all specimens 
examined from Apodemus and 61 per cent of all the chiggers taken on Microtus were 
this species, 


Laelaptid mites are parasitic in all their active stages of development, but 
none of the Korean species encountered exhibited seasonal peaks of abundance that 
could be correlated with the incidence of hemorrhagic fever. They were far less 
abundant than trombiculid mites, Fleas and ticks, the other ectoparasites of rodents 
likely to be involved in disease transmission, were relatively scarce. 


Proof regarding the definitive role of any of the potential arthropod vectors 
of epidemic hemorrhagic fever must await the discovery of a susceptible laboratory 
host for the agent and its use in the usual isolation and transmission studies, Ento- 
mological and epidemiological observations provide information which indicate a group 
of arthropods as vectors of this disease; these are the ground-inhabiting arthropods 
of limited mobility, such as chiggers, laelaptid mites, fleas. and ticks, 


Clinical Aspects - Detailed description of the symptomalogy of hemorrhagic 
fever in its various phases can be found in individual reports of consultants and in 
the reports of the Commission on Hemorrhagic Fever, Armed Forces Epidemiologic Board. 
Only those brief descriptions necessary for continuity are contained in this report. 


Febrile Phase: An irregular high fever is characteristic of the 
first four days. The usual early symptoms are indistinguishable from many infectious 
diseases beginning with headache and general malaise. Malaise is prominent and is 
associated with restlessness, myalgia, and lumbar backache. Temperature rise is 
rapid, and reaches 102°F or more, on the first day, in many cases. Irregular high 
fever (101°F to 106°F) may persist until the onset of hypotension. Anorexia occurs 
early and may progress to nausea and vomiting on the third or fourth day of illness, 
particularly in over-dehydrated vatients. Thirst is prominent and may lead to ex- 
cessive fluid intake. 


The two most typical physical findings are facial flush and injection of the 
conjunctivae and palate. The flush is a diffuse erythema involving the face, neck, 
and upper anterior chest and resembles a first degree sunburn. The conjunctival and 
palatial injection is fine, diffuse, reticulated, and not associated with a purulent 
exudate. 


Hypotensive Phase - Significant clinical shock appears in approximately 
25 per cent of hemorrhagic fever patients. It is commonest on the fifth or sixth day 
but may appear as early as the third. It lasts from a few hours to several days. 
Significant hypotension is absent in the remaining 75 per cent of the cases and these 


patients pass directly into the oliguric phase, 
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Physical findings in the shock stage suggest widespread capillary damage, The 
diastolic pressure is maintained initially, thus readings such as 100/80, 90/8, and 
86/82 are typical. A thready, weak pulse usually persists, but in severe cases 
blood pressure and peripheral pulse are unobtainadle, the veck veins collapse, heart 
sounds are weak and rapid, with an apical rate of 150/minute or more. Conjunctival 
edema increases and petechiae appear in increasing nunbers, 


Oliguric Phase - Urinary output decreases sharply at the end of the febrile 
phase and oliguria or occasionally anuria persists for two to six days. The severity 
of the renal phase is independent of the hypotensive period and severe azotemia may 
be seen in patients who never show hypotension. The symptoms of this phase are those 
of acute azotemia, Often the patients become irritable, restless, and sometimes com- 
bative. The blood pressure rises during oliguria, usually to mild hypertensive levels 
but it may reach 200/120 and be associated with encephalopathy and convulsions, Brad- 
yeardia is common, Uremic frost, pericarditis, diarrhea, and the hyporeflexia and 
weakness of hyperkalemia may occur in more severe cases. 


Convalescent Phase - The oliguric phase terminates in a profuse diuresis, 
usually about the tenth day of illness. Because of impaired renal concentrating 
ability, polyuria persists. The concentrating ability of the kidneys gradually 
improves, returning to normal in five to six weeks. 


Disturbei Physiology in Hemorrhagic Fever - Doctor David P. Earle, Associate 
Professor of Medicine, New York University College of Medicine, New York, consultant 
to the Surgeon General, visited the Hemorrhagic Fever Center in a consultant's and 
advisor's capacity (113, “He believes that many of the phenomena can be interpreted 
on the basis of accepted physiologic concepts which will offer a rational basis for 
the management of the patient. There are a variety of nervous, humeral, and metabolic 
abnormalities which undoubtedly contribute to, or play an important role in, the 
pathogenesis of the clinical manifestations of hemorrhagic fever. Where these are 
more clearly understood management of the disease may be greatly simplified. Some 
of the most prominent are: 


(1) Arteriolar Dilatation in Hypotensive Phase. 

(2) Loss of Plasma in Hypotensive Phase. 

(3) Return of Plasma to Vascular System. 

(4) Trapping of Erythrocytes in Hypotensive Phase and into 
Diuretic Phase, 

(5) Reduction of Available Vascular Space in Hypotensive, 
Oliguric, and Early Diuretic Phases, 

(6) Relative Hypervolemia in Oliguric and Early Diuretic 
Phases. 

(7) Renal Failure in the Latter Phases of the Disease. 


A wide variety of therapeutic agents and methods have been tried in the manage- 
ment of these patients. In general, it has been determined that relative dehydra- 
tion with careful attention to blood volume, electrolyte balance and the maintenance 
of blood pressure are the most useful therapeutic methods. During the spring epidemic, 
Trendelenberg's position and pressure bandages on extremities became standard treat- 

f ment during shock. 


In the early fall, Doctor W. Barry Wood, rag Lc ea University Medical School, 
made a brief but intensive study of the disease 12), Since blood vessels were dila- 
ted and engorged with little or no extravasation of red cells into surrounding tissue, 
and since frequent early symptoms include dizziness or syncope, and a flushed warm 
skin, he postulated that the vasoconstrictor nor-adrenalin might be valuable in this 
disease. 


While subsequent experience has indicated that some patients become refractory 
even to huge doses of this agent, and that it is apparently ineffectual in preventing 
the development of shock when given to patients early in the disease, it is generally 
conceded to be 4 gyeeti cnet and powerful tool in maintaining blood pressure during 
the shock phase 13), 
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Body Water Compartments - In an effort to assess the shifts of fluid between 
the vascular compartment, interstitial compartment, and intracellular compartment, sim- 
ultaneous measurements of the volumes of distribution of Evans' blue dye, ie e+ ote 
sulfate, and deuterium oxide were done in various phases of hemorrhagic fever 14 ° 
The Evans' blue dye studies were done by lst Lt. Robert Giles of the 8228th Mobile Army 
Surgical Hospital. The deuterium oxide and sodium thiosulphate studies were undertaken 
by Major Marion E, McDowell and Lt. Frank Furth, both of the Army Medical Service Grad- 
uate School. Much further work is required before any interpretations of these invest- 
igations can be made, 


Renal Pathophysiology - Major McDowell, along with Captain Herman Froeb of 
the 8228th Mobile Army aio Hospital undertook an investigation of the renal patho- 


physiology by measurement of the glomerular filtration rates and minimum effective 
renal plasma flow. Their studies revealed normal or high renal plasma flows and normal 
or high glomerular filtration rates during the early febrile phase in the six patients 
they were able to follow carefully. This has not disclosed the fundamental cause of 
the renal lesion in hemorrhagic fever, but compensatory ischemia does not appear to 
play an important role, 


Hematologic Observations - Lt. Frank Furth of the Army Medical Service Grad- 
uate School (16) carefully observed hematologic changes during the course of disease 
in 29 patients with hemorrhagic fever. He noted a rather severe leukecytosis with a 
marked shift to the left in the early stages, with the appearance of atypical lympho- 
cytes on the th or 5th day. The appearance of these cells was concomitant with an 
increasing lymphocyte count. Failure of the atypical lymphocytes to appear indicates 
a grave prognosis. 


The hematocrit was closely followed in these cases and appears to be correlated 
with the clinical course. Slowly increasing levels are seen during the febrile stage 
with a sudden rise at the beginning of the hypotensive phase. Hematocrit levels of 
60 and 65 are common. As blood pressure rises the hematocrit falls. This continues 
during oliguria and normal levels are reached in the diuretic phase. 


Coagulation time and prothrombin levels were usually normal though clot re- 
traction may be poor. Prolonged bleeding time depressed platelet count, and increased 
capillary fragility are characteristic. 


p32 Blood Volumes - Twenty patients were studied by Major Edward Langdon using - 
a modification of the Reeve-Veall radioactive phosphorous (P 2) red blood cell tag tech- 
Pigye for the determination of blood volumes in the various phases of hemorrhagic fever 


Although the number of patients in each phase is considered too small to be con- 
clusive - and although an accurate picture of blood volume changes requires a technique 
which allows one to follow an individual patient through all phases of his illness, 
trends can be established from this series. 


The plasma volume and thus total blood volume, fall in the febrile stage, while 
the red blood cell volume remains within normal limits. In the shock phase, the red 
blood cell volume is decreased. In the oliguric phase, the red blood cell remains low, 
while the plasma volume is low to normal - with the total blood volume remaining low 
to low normal. In the diuretic phase, the red cell volume remains low - whereas the 
plasma volume is normal to high and the total volume is normal to high. 


Comparative Pathology - 1951 and 1952 - A comparative study of the 1951 and 
1952 autopsy cases was sanertethe by Lt. Colonel Arthur Steer to determine whether ay 
consistent and recognizable change in pathology had occurred between the two years 18) , 
For this purpose the cases were arranged by year according to the stage of disease in 
which death occurred, i.e., shock, oliguric or diuretic. The clinical history, gross 
and microscopic pathology were then reviewed carefully to demonstrate similarities or 
differences. In general, microscopic changes were graded in severity from one to four 
with one representing the minimal changes observed and four representing maximal. 
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There was a slight overall decrease in mortality in 1952, as is evidenced by a 
death rate of 6.4% in the fall outbreak of 1951, compared to 1).9% during the entire 
year of 1952. This slight overall decrease represents a rather sharp decline in 
the expected mortality rate during the oliguric phase. This is shown in Table I 
and probably represents the effect of fluid restriction in the therapeutic regimen 
employed in 1952, 


Table I. Number of Deaths Expected in 1952 Based on 1951 Rates 


Stage of Disease Number Number Which 

At Time of Death Expected Occurred Variation 
Shock 25 23 - 2 
Oliguria 33 14 - 19 
Diuresis 10 13 --3 


Total 68 50 


Comparative weights of organs from patients dying in the various stages of hem- 
orrhagic fever are shown for the two years in Table II. There is a consistent differ- 
ence in gross weight of the organs during the two years, except for the liver. 


Table II. Average Weights of Organs by Stage of Disease, 1951-1952 


SHOCK OLIGURIA DIURESIS 
Organ Year Av. Wt. No. Pts. Av. Wt. No. Pts. Av. Wt. No. Pts. 
Lungs 1951 1059 16 1598 25 13,9 9 
1952 778 16 1273 9 1222 10 
Heart 1951 373 17 35h 28 333 9 
1952 317 16 316 8 317 10 
Spleen 1951 267 17 2hh 28 199 9 
1952 230 16 154 8 123 pak 
Kidneys 1951 511 17 537 28 506 9 
1952 431 16 4.66 9 07 11 
Liver 1951 1761 17 1925 28 1869 8 
1952 169 16 1933 9 1922 10 


While there was a decreased incidence of pulmonary edema in 1952, especially in 
those dying during the diuretic phase, there was a counterbalancing increase in 
pneumonia as revealed by histological examination. The degree of pneumonia was graded 
one to four and is shown in Table III. Grade one represented small foci of broncho- 
pneumonia, three and four being diffuse consolidation involving an entire histologic | 
section. Four differed from three only in that suppuration was present. 


The average weight of the heart in 1952 was normal in all stages of disease 
(Table II ). This was in rather sharp contrast to the findings in 1951, when the 
heart weight was increased in the shock phase, progressively decreasing in the later 
stages. 


A significant observation when the cardiac sections were reviewed was that a 


very mild but almost constant change could be observed which was diagnostic. This 
change was described in 1951, but no particular significance was attributed to it 
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Table III. Average Severity Of Pneumonia As Seen Histologically By Year 
And Stage Of Disease 


Year Shock No. Cases Oliguria No. Cases Diuresis No. Cases 
1951 0.33 16 0.95 25 1.89 9 
1952 Ovi? 16 1,62 9 2.27 10 


because of its minimal nature. This change consists of a mild infiltration of cells 
into an edematous layer immediately beneath the intact and unaltered endothelium of 
the endocardium. The infiltrate consists principally of various mononuclear cells 
with only a rare polymorphonuclear leukocyte. It is only a few cells thick and was 
found in all chambers and even occasionally on the valves. These infiltrates could 
be traced between muscle bundles into the interstitial tissue. Similar infiltrates 
were frequently seen beneath the endothelium of the aorta and occasionally of the cor- 
onary arteries. 


There was little variation in the incidence of these observations between 1951 and 


and 1952, but there was a decreasing prominence from the shock phase thru the diuretic 
phase. This is shown in Table IV. 


Table IV. Cardiac Changes By Stage Of Disease ~ 1951 and 1952 Combined 


Shock Oliguria Diuresis 
Histologic Finding (39 Cases) (32 Cases) (17 Cases) 
Subendocardial Edema 100% 82% 53% 
Subendocardial Infiltrate 97% 78% 65% 
Myocardial Infiltrate 64% 63% 1% 


Some "hemorrhage" was seen in the right auricle in all cases. It tended to occupy 
the edematous endothelial layer and frequently was massed so that cell outlines could 
not be distinguished. No cellular reaction was found to this extravasated blood, even 
in the cases of longest duration. Considerable variation in the size of erythrocytes 
was observed, extremely small erythrocytes being frequently found. These small ery- 
throcytes were observed in other areas of "hemorrhage" as well. 


The renal lesions seen in 1952 were much less severe than those of 1951 but the 
fundamental changes described in 1951 by Steer and Hullinghorst were present (19, 20), 
Reexamination of the cortico medullary "hemorrhage" revealed that engorged, dilated 
vessels made up the "hemorrhage" in cases of 5 or less days duration. In cases of 
longer duration distinct vascular channels were not found but special stains revealed 
delicate fibers suggesting an extremely dilated sinusoidal pattern. True hemorrhage 
seldom existed and it is now believed the appearance of hemorrhage is due to vascular 
dilatation and diapedesis of red cells. 


The pathogenesis of the medullary necrosis is still obscure, though there is some 
evidence that it may be secondary to anoxia. Medullary necrosis was somewhat less 
severe and less frequent during 1952. This is indicated in Table V which compares 
both incidence and severity for the two years. Severity has been graded one to four 
as in other tables. 


Changes in the anterior pituitary assume a somewhat altered relation when consid- 
ered according to stage of disease. Necrosis was present in all cases dying in oli- 
guria and in 17 of 18 dying in the diuretic stage. It was less frequent in the deaths 
occurring in the shock stage. There was little difference in severity of the necrosis 
between the two years (Table VI). 
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Table V. Incidence And Severity Of Medullary Necrosis By Year And Stage 


Of Disease 
SHOCK OLIGURIA DIURESIS 
1951 1952 1951 1952 1951 1952 
Number of Cases 20 23 27 1h 9 13 
Necrosis Present 25% 4.3% 51.9% 35.7% 66.7% 21.5% 
Degree of Involvement 0.5 0.0) beh 0291 2.11 0.62 


Table VI. Necrosis, Anterior Lobe Of Pituitary By Year And Stage Of Disease 


SHOCK OLIGURIA DIURESIS 
1951 1952 1951 1952 1951 1952 

Number of Cases 17 19 21 9 6 12 
Necrosis Present 53% 63% 100% 100% 100% 92% 
Degree of Involvement xia se eS 2.9 2.5 1.9 


There was a striking difference in adrenal necrosis between the two years. 
This was especially true in the oliguric and diuretic stages (Table VII). 


Table VII. Necrosis Of Adrenal By Year And Stage Of Disease 


SHOCK OLIGURIA DIURESIS 
1951 1952 1951 1952 1951 1952 
Number of Cases 20 22 29 13 8 13 
Necrosis Present 15% 23% 35% ey 4 0% 15% 
Degree of Involvement 0.5 0.6 + he 0 0 0.4 


It is difficult to evaluate the observed differences in histological changes 
during the two years experience. It is believed however that most of these differ- 
ences probably reflect the difference in therapy between 1951 and 1952, rather than 
an actual change in the character of the disease. Considerably more study of the 
histological variations is planned. 


SURGICAL RESEARCH TEAM: The Surgical Research Team was organized at the Army 
Medical Service Graduate School and sent to the Far East in December, 1951. The 
broad purpose of the team was the study of the combat casualty to seek means for 
further reduction in both mortality and permanent incapacity. 


Upon arrival in Japan the team was assigned to the Far East Medical Research 
Unit for administrative and logistic support. It was then placed on indefinite 
temporary duty with Headquarters, Eighth Army. In Korea the team was further divi- 
ded between several hospitals for messing, housing, and clinical support. The 
support received from the Eighth Army Surgeon and his staff, from the administrative 
and professional staff of the 8209th Mobile Army Surgical Hospital, the llth Evac- 
uation Hospital, and 8055th Mobile Army Surgical Hospital was at all times of the 
highest quality. 


Resuscitation Of The Severely Wounded - One of the greatest problems in 


the treatment of the severely wounded is resuscitation. Therefore, this was the 
first problem undertaken and has required the major portion of the time and per- 
sonnel during 1952. Many of the projects under this heading ese still in progress 
and only a summarization of results is possible at this time. 21) 


With injury, six things happen to a man: 
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(1) Mechanical defects may occur which threaten life or function, 
(2) Tissue is destroyed. 

(3) The defense against bacteria is broken. 

(4) Blood is lost. 

(5) Pain and emotional stimulation occur. 

(6) A series of metabolic-endocrine changes are set in motion. 


The evaluation and correlation of any of these defects constitute the vroblems 
of resuscitation and are discussed below. 


Mechanical Defects May Occur Which Threaten Life Or Function - If these de- 
fects affect a vital function, as for example, an open wound of the chest, cardiac tam- 
ponade, or respiratory obstruction, emergency treatment may well determine the immediate 
fate of the patient. 


Tissue Is Destroyed - It is well known that a high velocity missile produces 
tissue destruction far beyond its immediate pathway. Cavitation occurs over a wide 
area and consists of a series of cavities, each bounded by a fascial plane, rather than 
a single cavity. As bullets, metal fragments, or glass strike the tissue, each cell 
becomes a secondary missile, traveling at right angles to the bullet. Bone fragments 
may tear a wound of exit the size of one's fist although the primary missile was quite 
small. Wounds of entrance and exit do not indicate the extent of damage in the inter- 
mediate tissues. Damage extends laterally beyond the borders of the immediate perfor- 
ation. The responsibility of the surgeon is to explore each fascial plane, to remove 
the dirt, cloth, metal and tissue fragments and then to excise the devitalized tissue 
along the lateral margins. The surgeon accomplishes this in a few minutes and we call 
the process debridement. Nature requires several weeks and we call the vrocess slough- 
ing. 


The Defense Against Bacteria Is Broken - Immediately after injury, the battle 
casualty receives 300,000 units of penicillin and a booster dose of toxoid. These are 
given at the Battalion Aid Station. A series of 100 patients was studied upon arrival 
at the forward hospital approximately three and one-half hours after wounding (22), 
Contamination of the wound was universal. Clostridia were present in avproximately 
two-thirds of the wounds. Clostridia perfringens was present in approximately one- 
third. In spite of this contamination, life endangering infections, except in those 
patients with renal insufficiency, are almost never seen in the battle casualty under 
present conditions in Korea. This is probably due to the relatively light flow of cas- 
ualties permitting early and adequate debridement and to the early and consistent use 
of antibiotics. Gas gangrene has been seen in only about one in a thousand casualties, 
has rarely proved fatal, and has occurred in ischemic, non-viable extremities in which 
adequate debridement had not been achieved. Tetanus has not been seen. Peritonitis 
as a cause of death has been infrequent. Although the defense against bacteria has 
been broken, early surgical therapy and antibiotics have proved quite efficient. Never 
before have battle casualties had so little to fear from infection. The short time 
lag of three and one-half hours between wounding and admission is stressed. ~ 


The last three factors, blood loss, pain, and metabolic-endocrine response are so 
interwoven as to be inseparable in their consideration. Severe pain is wnusual in the 
battle casualty. It occurs, but is infrequent. The need to administer drugs for the 
relief of pain is therefore infrequent. 


A Series Of Metabolic-Endocrine Changes Are Set In Motion - These changes are a 


response of the autonomic nervous system, of the adrenal gland, of the wound, and of 
other mechanisms. Defects in the adrenal cortical responses have not been discovered. 
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Blood Is Lost - The loss of blood and the responses of the autonomic nervous 
system are the two most important factors in determining the immediate fate of most 
patients. Our work has confirmed the results of others that a man can lose approxim- 
ately 25% (about 1250 cc) of his blood volume before his blood pressure falls. A loss 
of 0% (about 2000 cc) is associated with a marked decrease in blood pressure. 


Out of the interplay between blood pressure and the autonomic response emerge 
three syndromes. Using primarily the blood pressure as the baseline, there are the 
syndromes of compensation, over-compensation, and decompensation. 


Compensation: With a blood loss of 10 to 20%, the autonomic nervous 
system can produce a vasoconstriction and an increased cardiac rate so that a normal 
blood pressure will be maintained. The casualty is pale, dry, and usually has a rapid 
pulse of decreased volume. It is of the utmost importance for the surgeon to recog- 
nize this state and to replace the blood volume deficit before any other therapy is 
undertaken. Morphine or Demoral may cause a sharp drop in pressure. Anesthesia will 
convert this incipient shock into profound shock. Anesthesia, by blocking the compen- 
satory response, changes compensation to decompensation. Passive movement may have a 
deleterious effect, particularly if it is accompanied by changes in posture of the 
patient. If the casualty is tramsferred on a litter from the receiving ward to the 
x-ray machine twenty feet away, a drop in pressure is a common observation. On two 
occasions such patients have suddenly died and autopsy has failed to demonstrate any 
basis for death. The primary responsibility of the forward surgeon must be to stop 
hemorrhage. His next responsibility is to replace the blood volume deficit. The less 
the patient is moved before this replacement is accomplished, the better his chance 
for survival. "Transfuse them where they lie" should be added to the old adage, 
"Splint them where they lie". : 


Overcompensation: This is a syndrome characterized primarily by hyper- 
tension, It is eoeectatad With a blood loss of 10 to 25% and usually results from 
severe fractures of long bones associated with considerable destruction of muscle 
tissue. In this syndrome pain is usually severe and may be the etiological factor. 
Whatever the etiology, the hypertension is maintained through the mechanism of the 
autonomic nervous system. 


The pressure may rise as high as 240 mm systolic but it is characteristically 
around 150-160 mm mercury. A sharp drop in pressure follows the administration of 
ganglionic blocking agents. Pentothal, routinely used in Korea, produces a profound 
drop in pressure. Narcotics, intravenously, may or may not produce a very gradual 
return to a normal pressure. 


Therapy should consist of immobilization, analgesia, and replacement of the blood 
volume deficit. Anesthesia should await stabilization of the reaction. Stabilization 
is used instead of subsidence as the hypertension may persist for a long (undeter- 
mined) period of time. This syndrome represents one of the very few instances in 
which morphine has a place in resuscitation, before arrival at the forward hospital. 


Decompensation: This term is used as a syndrome of shock in its ac- 
cepted sense. With a loss of over 25% of blood volume, the body is unable to maintain 
a normal blood pressure. This does not imply that the autonomic nervous system is 

not active. It may be quite active as indicated by the fact that following partial 
replacement of his blood volume deficit, a hypertension may develop. 


Anesthesia blocks the responsiveness of the patient and at this critical point 
is an additional injury of critical importance. As has been pointed out, the autonomic 
nervous system is active. Since anesthesia inhibits this response, it furthers the 
injury. Vasoconstrictors play their chief role in resuscitation at this point. 


Massive transfusion may be necessary to restore normal blood pressure at this 
time, but based on observation of 4500 battle casualties whose evacuation time aver- 
aged three and a half hours, normal blood pressure can always be restored prior to 
anesthesia if there is no central nervous system injury or there is no continued loss 
of blood. During or following anesthesia, this statement becomes invalid. 
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A review of the experiences with ssye of the most severely injured patients dem- 
onstrates several points of interest (23), 


Thirty casualties were studied who, on admission, had an imperceptible blood 
pressure. Table I demonstrates two observations; one, that the prognosis of the cas- 
ualty with a severe abdominal wound is more grave than the casualty with a severe 
extremity wound; and, two, that the amount of blood required for resuscitation is a 
better indication of prognosis than is the admission blood pressure. Of ten patients 
with abdominal wounds, four died of continuing hemorrhage and three died in the ab- 
sence of continuing hemorrhage. Of the 1) patients with extremity wounds, only one 
died. Thus, the overall mortality of the abdominal wounds (70%) is ten times that of 
the extremity wounds (7%) in this small series. All of the 7 patients with abdominal 
wounds who received 15 or more pints of blood for resuscitation died, while only 1 
(12.5%) of the 8 extremity wounds receiving similar quantities of blood succumbed. 
The intermediate position of the group with the combined injuries is probably due to 
the presence of abdominal injuries of less severity. 


Table I. Resuscitation of Battle Casualties - Admission Blood 
Pressure Imperceptible 


Receiving 15 Or More Receiving Less Than 
Pints of Blood 15 pints of blood 
Cas- Mor- Mor- Mor- 
Injury vualties tality No. No. Died tality No. No. Died tality 
Abdominal 10 70% 7 7 100% 3 fe) fe) 
Only 
Abdominal and 6 50% 6 3 50% fe) - ‘ 
Extremity 
Extremity 1h 7% 8 1 12.5% 6 fe) fe) 
Total 30 37% 21 11 52% 9 fe) fe) 


Sixty casualties were studied who received 15 - 42 pints of blood (or blood sub- 


stitute) during the first 2h hours after injury (Table II). Again, a higher mortality 


is noted in those casualties with abdominal wounds than in those with extremity wounds. 
Similarly, Table III demonstrates that the incidence of severe renal failure lies pre- 
dominantly in that group with abdominal wounds, 


Table II. Resuscitation Of Battle Casualties - Patients Requiring 
15 Or More Pints Of Blood In First 2) Hours 


Number Dying 
Total Of Continued Mortality Excluding 
Injury No. No. Died Mortality Hemorrhage Continuing Hemorrhage 
Abdomen 16 13 814% 7 67% 
Abdomen and 20 10 50% 2 2% 
Extremities 
Extremities 2% 2 9.5% fe) 9.5% 
Chest 3 2 67% 1 50% 


Total 60 27 45% 10 3L% 
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Table III. Resuscitation Of Battle Casualties - Patients Requiring 
15 Or More Pints Of Blood In First 2h; Hours 


Incidence of Renal Failure 


No. Living 3 Days Non-Oliguric 

Injury Or Longer Anuria Oliguria Azotemia 
Abdomen 9 22% 11% 11% 
Abdomen and Extremity 1, 28% Og 1% 
Extremity 19 0% 11% 22% 
Chest of Of 0% 0% 

Total 43 1h% 7h Lbs 

Incidence of clinically significant renal fail- 
ure = 35%. 


Mortality in the group which received massive transfusion was due chiefly to 
continued hemorrhage, to renal failure, and to post-operative hypotension. Two 
patients with a gangrenous extremity died unexpectedly during the first 8 hours. 
Pulmonary edema has been clinically so infrequent as to be a rarity. 


Type "0" blood has been used throughout this study (2h), Crossmatching is not 
performed. Transfusion reactions have been extremely rare. Blood, in unlimited 
quantities might not be available, however, to treat casualties in a mass disaster. 
Preliminary experience in Korea indicates that many of the casualties can be sus- 
tained with plasma expanders until evacuation has been achieved. Others, with mild 
to moderate injuries, can be sustained through surgery, and subsequent evacuation, 
with plasma expanders. Finally, many of the casualties can be resuscitated with 
whole blood and plasma expanders in a ratio of one to one. The available plasma 
expanders leave much to be desired in their present forms. The two under study in 
Korea, Dextran and modified gelatin, offer promise of moderate support when blood 
is not available, 


To recapitulate, then, the immediate treatment of mass casualties should consist 
of: 


(1) Control of hemorrhage. 
(2) Correction of serious mechanical defects. 


(3) Movement to a minimal extent - when feasible, transfusion before 
movement. 


(4) Ayoidance of analgesic agents or sedatives whenever possible. 
(5) The early administration of antibiotics. 


(6) The restoration of blood volume. Low titer, group "0" blood can be 
used without appreciable fear of hemolytic transfusion reaction. 
Plasma expanders can be used early and can be used as the sole 
supporting agent during evacuation or operation of those casual- 
ties with a blood volume deficit of approximately 1000 - 1500 cc. 
In wounds of greater magnitude, a ratio of blood to plasma ex- 
pander of one to one appears promising. Whole blood is, of course, 
preferable. 


eee Survey - This survey was carried out during the period January 
through July 2 ° jective evidence was sought by selecting volunteers in the 
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front line and measuring their daily urinary output and its specific gravity. The 
overall averages for the 265 man days studied was 1,252 ce per day with a specific 
gravity of 1.022. The lowest urinary output occurred in January, 993 cc. per day, 


- as compared to 1,344 cc. in March, 1,246 cc. in May, and 1,168 cc. in June and July. 


There was never objective evidence of continued water deprivation. 


In a study of 50 casualties on admission to the forward hospital at an average 
of 3.4 hours after wounding, the average specific gravity was 1,026. 


Clinically, dehydration was not noted. Thirst is often an immediate result of 
wounding and does not signify dehydration at this early stage. 


Adrenal Function In The Combat Soldier - The purpose of this study was to 
survey the combat soldier for evidence of adrenal insufficiency secondary to the chron- 
ic stress of battle\(26), 


For purposes of comparison, a limited study was made of the non-combat troops. 
The following observations were made: 


(1) The eosinophil count was performed daily for 2 or 3 days on 11 soldiers 
in a non-combat area. The mean count was 12 with a standard deviation of 67. 


(2) The average daily excretion of 17 ketosteroids was 13.6 milligrams with 
a range of 9.9 - 21.9 milligrams. The published normal for the method used is 8.0 - 
22.0 milligrams. 


(3) The average daily excretion of 11 oxysteroids (formaldehydrogenic com- 
pounds) was 177 micrograms with a range of 80 - 380 micrograms, The published normal 
for the method used is 50 - 225 micrograms, 


In the front-line soldier the following results were obtained: 


(1) The eosinophil count of 17 men obtained daily for 3 days were distrib- 
uted about a mean of 15); with a standard deviation of 59. Single counts of an additional 
21 men were also normal. 


(2) The 17 ketosteroid excretion was studied during 68 man days. The results 
were essentially normal. 


(3) Studies of the corticoid excretion in the same group revealed a normal 
or elevated excretion. The change in excretion from day to day could not be correlated 
with the day's activities. 


No evidence of adrenal exhaustion has therefore been demonstrated. 


The Battle Wound - Observations at the surgical hospital and at the evacuation 
hospital have demonstrated few problems in the management of the battle wound. The pol- 
icy of debridement and secondary closure still appears to be the safest, most conserv- 
ative policy. Twenty small wounds were completely debrided and closed primarily. Con- 
tinued observation revealed normal wound healing. The probability of serious errors in 
selection, however, prevent the adoption of such a policy. The major problems in wound 
healing and wound infection has been encountered in the anuric patient. The underlying 
factors are under study in this group of patients. 


The bacterial flora of the war wound has been studied in a selected series of cas- 
ualties, Cultures of ninety four tissue samples from thirty-three patients have been 
completed. Ninety-one percent of the patients demonstrated clostridia. Sixty-seven 
percent of the tissue specimens yielded clostridia. Clostridia sporogenes and Clos- 
tridia perfringens were the two species most commonly isolated =, were found at all 
depths of the wound from entrance to exit, in clothing, and in soil. The aerobic flora 
contained a high incidence of non-hemolytic streptococci, Proteus, Aerobacter, and 
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the Bacillus species. Hemolytic staphylococci were occasionally found. 


Antibiotic sensitivity of 15 species of clostridia from the wounds was determined. 
Most were sensitive to penicillin, terramycin, and aureomycin, and to a lesser extent 
to chloromycetin. 


Correlation of the changes in the bacterial flora with the progression of wound 
healing has been undertaken. Results are not yet available. 


The Systemic Reaction To Wounding - As mentioned above, a loss of 20-25% of 
the blood volume is tolerated before the Brood pressure drops. A blood loss of 0% 
(2,000 cc.) is associated with severe shock. Following severe injuries and transfu- 
sions the blood pressure can no longer be correlated with blood volume. Massive trans- 


fusions may be required to restore the blood pressure. This study of the blood volume 
is being continued. 


Following injury, the red cell shrinks in size. With extremity wounds there is 
a gradual drop in the hematocrit. With abdominal wounds there is a marked increase in 
the hematocrit. The hematocrit on admission is of no value in estimating the blood 
volume deficits. 


The white cell count rises rapidly after injury. It is not unusual to note a 
count of 30,000 to 0,000 on admission, This usually falls during anesthesia. Occas- 
ionally, the count falls precipitously toward the end of operation. In these instan- 
ces, the clinical course of the patient has proved quite serious. The eosinophil 
count drops to near zero a few hours after injury and then gradually rises over a per- 
iod of days. A coincident lymphopenia has been described. 


Following injury there is an increase in the platelet count and an increase in 
the fibrinogen concentration of the blood. The prothrombin activity decreases with 
transfusion due possibly to a deficiency of labile accelerator globulin in the trans- 
fused blood. This deficiency may account for the oozing tendency seen after massive 
transfusion therapy. A few days after injury, the prothrombin activity returns to 
normal. This is followed a few days later by a secondary drop which is proportionate, 
both in magnitude and duration, to the magnitude of the original injury. 


The anuric patient not infrequently develops a defect in his clotting mechanism. 
Clinically significant bleeding may occur, Studies of this defect are under way. 


With transfusion, the hemolysis of transfused cells produces a rapid rise in the 
free plasma hemoglobin. If the circulation is adequate, the concentration of hemoglo- 
bin rapidly falls. Following shock or abdominal injury, the concentration falls more 
slowly. 


Immediately after transfusion there may be a loss of red cells of considerable 
magnitude, This is quite marked in some of the patients with very large tissue de- 
fects and in those developing post traumatic renal insufficiency. 


Changes in renal function are noted following injury. Routinely, one finds a 
conservation of water and sodium and a loss of potassium for several days. Albumin- 
uria is almost always present and is quantitatively proportional to the magnitude 
of the injury. Glomerular filtration as measured by inulin clearance, and renal 
blood flow as measured by para-aminohippurate clearance are markedly reduced follow- 
ing severe injury. Daily clearance studies of endogenous creatinine reveal an eleva- 
tion in most patients which persists for a period of 7 days. 


The patient who is developing post-traumatic renal insufficiency frequently 
excretes about 500 cc. urine the first day but only 50 cc. the second day. Such a 
patient, while excreting 500 cc. daily, has a very marked reduction in renal blood 
flow and in glomerular filtration rate. At this time, however, the ability of the 
tubules to concentrate the urine is maintained. 
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Standard hepatic function studies reveal striking abnormalities after injury. 
The function slowly returns to normal over a period of 7 - 1) days. The following 
observations were made. 


(1) The serum bilirubin rises sharply during resuscitation and after a few 
hours begins to fall toward normal. The increment is in the protein bound fraction, 


(2) The urine urobilinogen increases for one or two days after injury and 
then falls. A second rise occurs about the third to fifth day. 


(3) Bromsulfalein retention is marked after serious injury. The excretion 
slowly returns to normal over a period of 7 - 1) days. 


(4) The cephalin flocculation test is abnormal and slowly returns to normal. 


(5) Prothrombin activity falls with transfusion. A second fall occurs about 
the 5th - 8th day. 


Studies of adrenal function indicate that the stress response in these patients is 
of long duration. It would seem probable that the response is the result not of a 
single trauma but of repeated trauma: Combat stress, anesthesis, operation, secondary 
debridement, and secondary closures. 


Immediately after injury the eosinophil count drops to near zero. There was no 
exception to this observation after serious injury. Thereafter the count slowly rises 
and may rise above normal. 


The corticoid excretion rises after injury and then returns to normal. A secondary 
rise may then occur. The excretion is usually invariably proportionate to the eosino- 
phil count. Seventeen ketosteroid excretion frequently rose but not above normal lim- 
its. Sodium retention and potassium diuresis are quite marked and may continue for 


7 - 1h days. 


With injury there is a decrease in salivation and gastric motility. There is a 
transient decrease in the production of free hydrochloric acid by the stomach. The 
absorption of water (deuterium oxide) is retarded after injury. After a bowel injury, 
the absorption of water may be delayed as late as 10 days after injury, even though 
bowel function appears clinically normal, 


Following resuscitation there is a transient rise in plasma hemoglobin and protein 
bound bilirubin. Albuminuria occurs and others have shown that albumen is lost into 
the injured tissue. A decrease in the A/G ratio occurs, Fibrinogen increases and pro- 
thrombin activity diminishes. 


Sodium retention and potassium diuresis follow trauma. Plasma studies of Na, K, 
Mg, and Ca are under way. Creatine excretion after muscle trauma is quite marked. Cre- 
atine excretion may be quite low or exceedingly high. 


Sequellae Of Shock and Injury - Post Traumat¥c Renal Insufficiency: Renal 
vasoconstriction follows any major injury. As the degree of injury increases, the de- 
gree of resulting renal damage increases. It is believed that this renal damage is 
due primarily to the ischemia. To date, this vasoconstriction cannot be overcome 
by autonomic blocking agents. As the degree of renal injury increases the clinical 
course of the patient becomes more critical. Hypertension very often accompanies this 
renal damage and occasionally may be the most prominent manifestation. 


Any seriously injured patient may have a decreased glomerular filtration and renal 
blood flow as measured by inulin and P.A.H. clearance. Some seriously injured patients, 
although they maintain a normal urinary output, have a decreased glomerular filtration 
and a progressive azotemia. Those patients have a stormy clinical course but survive. 
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The next degree of injury is marked by an oliguria, a more rapid rise in blood 
protein nitrogen and potassium. If not adequately treated, they may die of this com- 
plication. Careful observation and occasional dialysis results in a low mortality. 


The most serious stage of renal damage is anuria (less than 100 cc. urine per 
day). Prior to the development of the Renal Failure Center, the mortality from this 
complication was approximately 80 to 90% - the patients dying on about the 6th day. 


The mortality rate is now 50-60% and those patients who die usually do so on the 
llth or 12th day. 


Abdominal Hemorrhage - This injury may be fatal because of the surgeon's 
inability to control hemorrhage prior to operation. A therapeutic trial of an intra 
aortic balloon catheter to control hemorrhage prior to anesthesia in the extreme cir- 
cumstance has been suggested. As yet no progress has been made on this problem, 


Post Operative Hypotension - This syndrome occurs frequently. If untreated, 
it may lead to a fatal hypotension, It will usually respond to further transfusion 
even though previous transfusion had been massive. Vasoconstrictors have a limited 
place in conjunction with transfusion. Observations are now under way on the pressor 
response to calcium under these circumstances. 


Irreversible shock is not recognized prior to anesthesia unless based on contin- 
uing hemorrhage or injury to the central nervous system. Shock is sometimes rather 
refractory to transfusion, however, after massive wounds of the abdomen or extrem- 
ities. Anesthesia greatly accentuates this refractoriness. Recommendations have 
been made for continuation of this study both in the field and in the Zone of the 
Interior. 


Gas Gangrene - This complication has been recognized in only about one 
in a thousand battle casualties. This is in spite of the almost constant contamin- 
ation of battle wounds with clostridia. Mortality from this complication is now 
almost zero. The infrequency of this complication is due to early, adequate debride- 
ment and to the consistent use of antibiotics. ' 


Vascular Injuries: A study of the treatment of arterial injuries has been a con- 
tinuing project = the past year (27), The results have clearly demonstrated that 
primary arterial repair is the treatment of choice. Autogenous vein grafts can be 
used to bridge larger defects. All arteries of a calibre large enough to permit 
anastomosis should be repaired. No limitation as to time lapse between injury and 
repair can be described. The limitation in an individual patient is due to anoxia 
of the muscle rather than to local arterial changes, Although no limitation can be 
placed on the time of repair of the individual vessel, the incidence of failure 
rises sharply after a time lapse of eight hours. 


As a result of the project many limbs are being saved in the battle casualties 
of Korea. The incidence of amputation of an extremity after injury to the popliteal 
artery has dropped 72% in World War II to approximately 20% in this study. 


Hematologic Response to Wounding and to Resuscitation Accomplished by Large 
Transfusions - Late in 1952, this study was undertaken by Lt. Colonel Wiliam eitiis 
Army Medical Service Graduate School, and members of the Surgical Research Team in 
an effort to determine whether or not harmful effects result from massive trans- 
fusion of group "0" cells (28), 


Thirty-seven casualties were studied at the time of initial resuscitation. Some 
of these men received 30 or more pints of blood. 


The natural results of storing blood - increased plasma hemoglobin and potassium, 
nonviability of platelets and leukocytes, and low labile factor activity had little 
or no deleterious effect on patients. 


As mentioned earlier, there is a remarkable loss of circulating red cell mass in 
patients with wounds involving great tissue destruction. This is believed due to hem- 
olysis from an unknown mechanism, 


- 285 - 


EE Sew a hg ee Noe id _ Se AY SE Dm as Le RE Sa a UR a Sl ep RS EE a FT oe EN SE SN eC a ae ee Ry SP nT A FO I RT I a SE a Oe 


Massive transfusion of group "0" blood into patients of other types resulted 
in a more or less complete replacement of red cells. These patients at times have 
plasma antibodies against their own hereditary group. This was observed to produce 
a gradual hemolysis of native red cells in some cases. No clinical reaction occurred 
and it is not believed to be a serious matter so long as no effort to made to use 
a type specific transfusion for at least two weeks. 


RENAL INSUFFICIENCY CENTER: This center for therapy of renal insufficiency is 
in support of the Eighth Army in Korea. While responsibility for the operation was 
that of the Surgical Research Team, the unit could not have functioned without the 
wholehearted support of the staff of the llth Evacuation Hospital and of the Surgeon, 


Eighth Army. 


While renal insufficiency is a relatively ee complication of wounding, 
the mortality from this complication is very high pyr ee justification is needed 
i for the extensive and specialized ward-laboratory operation required by these few 

i patients, it lies in the fact that effective therapy is made available to a group 
of wounded soldiers, increasing each individual's opportunity for survival to an 
extent not possible before. 


After operating the renal insufficiency center for one year the following con- 
clusions are drawn: 


ff (1) Because patients with renal insufficiency present complex problems in 
i physiology and clinical management, maximal efficiency is achieved by concentrating 
them together with physicians having special training in this field. Likewise, the 
assigned nurses and medical technicians rapidly learn how to meet the needs peculiar 
to these patients and become expert in their vital task of continuous care, 
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(2) The practicality of the Brigham-Kolff type of artificial kidney as a 
useable instrument in a fixed situation in the field is conclusively demonstrated. 
Its requirements of 220-volt electric current, pre-heated dialysate bath water, and 
a flood drain for disposal of used dialysate fluid were easily met. Special arrange- 
ments for supply of special non-standard equipment must be made in advance. Addi- 
tional study will be required before the present instrument can be considered port- 
able enough for close support in a highly mobile type of warfare. It is hoped that 
these studies may be undertaken in the near future. 
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(3) This experience demonstrates the value of establishing certain spec- 
ialized treatment centers within the forward zone of military operations, The 
unique metabolic behavior of these patients demands prompt and early specialized 
treatment and renders therapy in areas to the rear relatively less effective. Early 
helicopter evacuation is well tolerated by these patients. The artificial kidney 
must always be considered as only an adjunct to good medical care. 


(4) Management of patients with renal insufficiency required adequate lab- 
oratory support including determination of the major extracellular fluid electrolytes ~~ 
and non-protein nitrogen in blood, urine, vomitus, and gastrointestinal drainage, as 
well as frequent tracings by a direct-writing electrocardiograph. The latter, toge- 
ther with a flame photometer, manometric Van Slyke apparatus, and accurate analytical 
methods for other substances, were found to be entirely operable and gave good re- 
sults under the field conditions experienced, 


Summary of Clinical Experiences - 


A. Patients treated at the Renal Insufficiency Center: 


(1) Post-traumatic renal insufficiency ...cccoccscccecccce 
(2) Hemorrhagic Fever SCOHHCHO OSH OHOHESOEESOREOHESOSEEESEEEE 
Hemoglobinuric nephrosis (transfusion reaction) ..ccee 
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(5) Early post-wound shock with potassium intoxication .... 3 
(6) Liver failure with subsequent renal insufficiency ..... 1 


Total 78 


B. Use of the Artificial Kidney, 16 April to 5 October 1952 


Disease No. Patients No Dialyses 
Post-traumatic renal insufficiency 31 72 
Hemorrhagic Fever 4 6 
Early post-wound shock with po- 1 XE 
tassium intoxication 
Hemoglobinuric nephrosis 3 7 
Liver failure with subsequent 4 1 
renal insufficiency 
Total 21 87 


C. Recovery and mortality statistics in patients with post-traumatic 
renal insufficiency: 


(1) Prior to arrival of artificial kidney - 1 January to 16 April 1952 
a. Total number of patients ...eeee. 10 
b. Total number of deaths ...ccccsee 8 
Overall mortality ... 60% 


(2) After arrival of artificial kidney - 16 April to 31 December 1952 
a. Total number of patients ..ccccce 
b. Total number of deaths eocereeceece rdf 
Overall mortality ... 51% 
c. Number of patients dialyzed ..... 31 
d. Deaths in BYOUP C cecccvecccccces 2b 
Mortality ... 68% 


D. Duration of Life in fatal cases: 


No. of patients Average Day of Death 
(1) Before artificial kidney 
8 


6.2 
(2) After artificial kidney; entire group 
- 27 11.1 
a ' 
Dialyzed group 
21 12.1 


The bulk of the clinical experience involved patients with renal insufficiency 
following trauma, most of whom were gravely wounded. Their mean evacuation time was 
three hours from wounding to definitive therapy, usually at Mobile Army Surgical Hos- 
pitals. In every instance, available data suggested that these patients had a period 
of hypotension and had received some low-titer type "0" blood; many received albumin 
and plasma. The diagnosis of renal insufficiency was uniformly suggested by post- 
surgical persistance of oliguria and confirmed by water-load tests in some instances. 


Hemodialysis achieves only one objective directly: restoration toward normal of 
disturbed extracellular fluid ionic and molecular concentrations; indirectly, intra- 
cellular composition is also affected. Clinically, hemodialysis is followed by 
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improvement in mental alertness and sense of well-being, relief of nausea and in- 
crease of appetite; consequently, bedside care and management proceed more smoothly. 


; However, the patient's primary surgical problem remains as does the inevitabil- 
ity of chemical and clinical uremic relapse so long as oliguria persists. For this 
. reason, numerical statistics of morbidity and mortality may not be expected to re- 

t veal the true value of the technique. Whereas only two patients clearly owe their 
survival to emergency use of the artificial kidney, it is reasonably certain that 

i most of these patients who expired would have done so much sooner without access to 
the dialyzer, and usually died when the problems of healing massive wounds, infec- 
tion, and malnutrition in the presence of prolonged, severe uremia proved overwhelm- 
ing. Few of the survivors in addition to the two just mentioned would have recov- 
ered without hemodialysis because of the severity of their potassium intoxication, 
and in any event, were aided chemically and symptomatically by the procedure. 


The admission procedure should be arranged so that a complete electrocardiogram 
is available within 5 - 10 minutes of the patient's arrival on the ward, and that 
emergency therapy, chemical determinations, and indicated immediate surgical ther- 
apy may be begun at once and completed within the next one or two hours. Hemodialy- 
sis is employed as an adjunct to a regimen of medical management and used whenever 
indicated. The kidney should be available for the patient upon admission. The 
regimen for the oliguric phase of acute post-traumatic renal insufficiency consists 
of the following: 
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(1) Restriction of fluid intake (exclusive of blood, plasma, albumin) to 
equal but not to exceed measured fluid output by urine, vomitus, gastrointestinal 
i output. Obvious sweat losses in febrile patients are compensated for empirically. 
| The volume therapy is guided further by (a) evidence of clinical edema or dehydra- 
tion, and (b) the daily weight, measured even in unconscious patients on a standard 
ward scale by means of a rack and litter apparatus of known tare weight. 
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(2) Provision of an intake at least of 00 calories (100 grams of glucose) 
per day and as much more as possible. With restricted volume intake, this necessi- 
tates the oral or parenteral use of hypertonic dextrose solutions. The oral route 
is utilized whenever possible, but drowsiness and vomiting usually terminate this. 


(3) An electrocardiogram daily or oftener to detect potassium intoxica- 
tion. 


(4) The patient is made to sit up, walk, or move around in bed as much as 
possible, in an attempt to avoid the pulmonary complications to which these patients 
are particularly susceptible. 


(5) Potassium ion exchange resins are used orally or per rectum where 
possible to control the level of plasma potassium, 


(6) Testosterone propionate, along with caloric intake, probably slows 
the rate of tissue catabolism which in turn is the course (presumably) of the in- 
creased NPN and potassium characteristic of this disease. 


(7) Sodium carbonate, calcium gluconate, digitalis, whole blood, packed 
erythrocytes, sedation, etc. are used judiciously as indicated. 


In the diuretic phase, repletion of fluid and electrolytes is based on accurate 
measurements of the patient's losses, and replacement therapy is designed accordingly. 
Whereas over-treatment may be the most likely error during the oliguric phase, de- 
pletion states from inadequate replacement therapy constitute the major hazard during 
the diuretic phase. 


\ Clinical puvestiget ion - Effect of Hemogialysis on Cardiovascular bynan’cs - 
Interpretation of the artificial kidney circuit between radial artery and antecubital 
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vein mimics to a degree an arteriovenous shunt, has been observed to increase arter- 
ial and pulse pressure and may improve cardiac function in uremia. A study of these 
mechanisms was undertaken by measurements of cardiac output and the volume of blood 
in heart and lungs (central blood volume). 


In the majority of instances, pulse rate, pulse pressure, and mean arterial 
pressure rose and stroke volume fell during dialysis. Cardiac output and peripheral 
resistance varied reciprocally; the former increased significantly in three patients, 
decreased in two, and was unchanged in six. In two patients who had pulmonary edema 
at the start of dialysis, clinical improvement was not associated with changes in 
central blood volume. No correlation was evident between hemodynamic changes and 
the variations in blood chemistry caused by dialysis. 


The data indicate that dialysis does not create a significant arteriovenous 
shunt and that the changes it elicits in cardiac output and peripheral resistance 
are variable. 


The Metabolic Response to Trauma and Infection in Patients with Post- 


Traumatic Renal Insufficiency - A method was devised to estimate rates of accumula- 

tion and quantities of new metabolic nitrogen and potassium released during protein 

catabolism. The increments in plasma concentration were multiplied by the estimated 
volume of total body water in the case of NPN and by that of extracellular fluid in 

the case of potassium. The products ascertained could: be added algebraically to 

the respective external balances as customarily determined. Total daily production 

of those metabolic products could thus be estimated. 


The results show that the rates of production of nitrogen and potassium are 
higher in patients who harbor non-viable or infected tissue than in those who do 
not. Thus: 

Average Rate Of 


Acute Uremia New Nitrogen Production 
(1) Minor trauma 10 grams/day 
(2) Trauma with retained necrotic tissue 20 grams/day 
(3) Massive necrosis, generalized per- 40-60 grams/day 


itonitis, severe infection 


The rate of accumulation of potassium in extracellular fluid does not corre- 
late with the apparent rate of nitrogen production. This suggests that acute uremia 
is associated with intracellular accumulation of potassium, 


These calculations may serve as estimate of losses of body tissue and the 
effects thereon of treatment. They demonstrate the large metabolic differences im- 
posed by different degrees of wounding and infection. They measure the rate of pro- 
tein catabolism; this is in comparison with weight loss indicating the rate of break- 
down of body fat and of liberation of body water. 


Intracellular Sodium and Potassium - The amount of potassium removed during 
dialysis into the bath is always greater than the decrement of potassium in extra- 
cellular fluid. It follows that potassium has therefore been removed from the cells. 
An attempt was made to estimate changes in cell contents from the changes in sodium 
and potassium concentrations in erythrocytes, since it seemed that these cells might 
participate in this shift of potassiun. 


The analyses depend on determinations of sodium and potassium in whole blood and 
plasma and estimations of cell content by reference to the hematocrit. In nine nor- 
mal individuals erythrocyte concentrations of sodium averaged 11.9 meq/L and of po- 
tassium 97.7 meq/L. In patients before dialysis erythrocyte sodium was usually in- 
creased and potassium normal; these pre-dialysis levels could not be correlated with 
estimates of cell concentration from external balance or previous therapy. 
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SPECIAL INVESTIGATION OF BLOOD USAGE AND BLOOD STORAGE: During 1952, a continu- 
ing effort was made to establish an efficient blood banking and blood distribution pro- 
gram. As in previous years, most of the blood was obtained from the Zone of the In- 
terior and was supplemented by blood drawn in Japan. The donor panel available in Japan 
was primarily intended to meet emergency requirements in Korea, and to provide blood 
of types other than "0" for use in hospitals in Japan. According to operating plan, it 
was not intended that the blood locally drawn would reduce materially the amount of 
blood routinely obtained from the United States. Since blood was sent to Korea whenever 
requested, it was felt advisable to survey blood bank, blood distribution, and blood use 
policies in Korea. The survey, fortunately, coincided with a period of considerable 
enemy activity. As a result of this survey, and a study of blood receipts and issue 
data for the entire year, it became apparent that under the military situation in Korea 
a more organized program might be formulated. There are two points to be attacked: 
providing the freshest blood possible, and decreasing the amount of blood keep in re- 
serve by means of a more efficient distribution program. These problems are easily 
overcome. 


During 1952, approximately 100,000 bottles of blood were received from the United 
States, and 35,000 bottles were collected in Japan. During the same period, approxim- 
ately 85,000 bottles of blood were sent to Eighth Army, 30,000 to KCOMZ, and 20,000 to 
hospitals in Japan. It was not possible to be certain of the number of bottles issued 
to Eighth Army per wounded in action because this blood was made available to a signif- 
icant but unknown percentage of Koreans who were wounded in action. Approximately 2 
bottles of blood per wounded in action was issued to Eighth Army if all Korean wounded 
are included, and .75 bottles per wounded in action if only U.S. and UN other than 
Koreans are considered. 


During 1952, reserve blood depots were maintained in Tokyo, Pusan, and Seoul, and 
three advance subdepots in the Eighth Army area. In addition, each hospital maintained 
a reserve to meet emergencies. Although there was no actual loss of blood through wast- 
age, the multiple reserve levels resulted in blood aging in the depots. This was recog- 
nized early in 1952, and the policy of sending the freshest blood possible to the hos- 
pitals was emphasized. The reserve level during the survey period in 1952 was approx- 
imately three times the maximum used during any one day. Thus there was a three day 
supply on hand. Since approximately three days elapse between the time emergency re- 
quests are sent to the ZI and blood is received from the ZI, this would appear to be a 
minimum level that could be safely maintained. However, this survey occurred during a 
period of heavy activity. In less active periods, the reserve level represented almost 
an 8 day supply. This reserve level appears to be excessive. 


During the survey it was found that approximately 20% of the wounded in action were 
transfused, receiving an average of 1.3 bottles of blood per patient, or 0.9 bottles per 
wounded in action. This experience indicated much more liberal use of blood than was 
reported during World War II and there was some indication that the trend toward the 
use of still larger amounts of blood in the treatment of wounding is continuing. 


WOUND BALLISTICS AND BODY ARMOR: The medical service personnel of the Wound 
Ballistics Team were based on the Far East Medical Research Unit during their visits 
to the Far East Command in 1952. Body Armor investigation was a combined effort of the 
Medical Service and the Quartermaster Corps. 


The findings of these teams cannot be published at this time due to their classi- 
fication. It can be stated, however, that this is an important and continuing field 
of medical research, 


NEUROPSYCHIATRIC RESEARCH TEAM: This team was still in the earliest stages at 
the close of 1952 with only one project actually in progress. Captain Roger W. Little 
undertook a study of the effect of the social system of a combat unit upon stress and 
combat fatigue. The study is in progress but only preliminary reports are available 
at this time. 


- 290 - 


PUBLICATIONS AND MANUSCRIPTS 
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(1) Parasitic Mites Found on Small Mammals in Japan and Korea, Anonymous. 
Office of the Chief Surgeon, Far East Command, 1) pages, 10 plates of 
figures, March 1952, 


(2) The Fleas of Japan and Korea, Anonymous. Office of the Chief Surgeon, 
Far East Command, 22 pages, 26 plates of figures, January 1953. 


(3) On the Occurrence of the Parasitic Mite, Haemogamasus quadrisetatus 
Vitzthum, 1926 (Acari: Laelaptidae) in Japan, Asanama, Kiyoshi, BE. We 
Jameson, Jre, and Kayoko Sekikawa. Misc. Reports Research Inst. for 
Nat. Resources No. 26: 71-76, 1952. 


Articles Submitted for Publication: 
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Tokunaga and Yukio Shogaki. 
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(Acarina: Trombiculidae), E. W. Jameson, Jr. and Seiichi Toshioka. 
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Japan. E. W. Jameson, Jr. and Manabu Sasa. 
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llidae). Dr. E. W. Jameson, Jr. and Nobuo Kumada. 


Department of Medical Zoology 
Articles Published: 


(1) Parasitological Studies in the Far East. V. An Epidemiologic Survey 
of Okayama Prefecture, Honshu, Japan, Ritchie, L. S., Hunter, G. W. III, 
Kaufman, E. He Jre, Pan, C., Nagano, K., Yokogawa, M. and Szewczak, J. 
T. Jap. Med. Jour. h(5$: 307-31h, 1951. 


(2) Studies on Schistosomiasis. V. Testing Protective Ointments Against 
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Hunter, Ge We III, Ritchie, Le Se, Tanabe, Hey Nagano, K., Pan, Ce and 
Yokogawa, M. Trans. Roy. Soc, Trop. Med. and Hyge, 6(2): 201-206, 
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W. III, Ritchie, LE. S. an ori, Y. J. parasit., 30(5)3 492, 1952. 


(4) Studies on Schistosomiasis. VI. Control of the Snail Host of Schisto- 
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G. W. III, Freytag, Re Bey Ritchie, Le S.; Pan, C., Yokogawa, M. and 
Potts, D. Ee Am. J. Trop. Med. and Hyg., 1(5): 831-847, 1952. 


(5) A Comparison of the Zinc Sulfate and the MGL (Formalin-Ether) Technics. 
Ritchie, L. S., Pan, C. and Hunter, G. W. III. J. Parasit., 38 (Suppl.): 
16 (Abstract), 1952. 


(6) Efficiency of the Formalin-Ether Concentration Technic, Wykoff, D. E. 
and Ritchie, L. S. J. Parasit., 38 (Suppl.): 15 (Abstract), 1952. 
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Studies on Schistosomiasis. IV. Two Ointments For Protection Against 
Schistosomiasis japonica, Ritchie, L.S., Hunter, G.W. ITI, Nagano, K. 
and Lin, S. Mil. Surg., Vol. III, No. 2, August, 1952. 


Potential Molluscacides Screened in the Laboratory and the Results of 
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Articles Submitted for Publications: 
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Parasitological Studies in the Far East. IX. An Epidemiologic Survey 
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Parasitological Studies in the Far East. I. Methods and Review of Jap- 
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Reinfection and Seasonal Fluctuations of Ascaris lumbricoides, Pan, C., 
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Articles Published: 


Pathology of Hemorrhagic Fever, Steer, A. and Hullinghorst, R.L., Year 
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Int. Med, 53: 77-101, January, 1953. 


Experience with Needle Liver Biopsies of the Hepatitis Center for Japan 
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(1) Rh and ABO Blood Group Distributions in Japanese and Ethiopians, Stein, 
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FAR EAST MEDICAL RESEARCH UNIT 
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(1) The Bacteriologic Diagnosis of Enteric Infections, Hardy, A. V., Mason, 
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